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INTRODUCTION 
An intensive water quality and diatom taxonomy study was made over a 
16 month period from June, 1978, through September, 1979, on Red Rock Res­
ervoir located on the Des Moines River, Iowa. The purpose of the study was 
to examine the distribution of planktonic diatoms within Red Rock Reservoir 
and to determine what factors were most important in controlling their dis­
tribution. The factors considered include: 1) nutrient availability, 2) 
water temperature, 3) retention time, 4) turbidity, 5) wind induced mixing, 
6) stratification, and 7) sedimentation. 
The decision to investigate the planktonic diatom community within the 
reservoir was based on several factors. First, the results of previous in­
vestigators working in the vicinity of Red Rock Reservoir point towards the 
importance of planktonic diatoms in the Des Moines River. Secondly, dia­
toms are generally accepted as "indicator organisms," and, thus, are ex­
tremely useful in ecological studies. Thirdly, most ecologists agree that 
more information concerning diatom ecology and the factors affecting diatom 
growth and distribution is needed. Finally, it was hoped that the results 
obtained in this study might prove useful to other investigators working 
on the unique "reservoir ecosystem." 
Description of Study Area 
The Des Moines River is a hardwater, eutrophic river and is the larg­
est river flowing through the State of Iowa. Originating in Minnesota as 
two separate forks, the Des Moines River flows in a southeasterly direction 
to its confluence with the Mississippi River south of Keokuk, Iowa. The 
vast majority of the land comprising the watershed is agricultural. Drum 
2 
(1964) described the Des Moines River as being divided into three zones; 
the upper, middle and lower. The upper zone begins in the headwaters area 
in southern Minnesota and extends to the junction of the east and west 
forks some 70 river miles north of the city of Des Moines. This zone is 
characterized by a silt and sand-gravel bottom. The major soil association 
found within the watershed of this zone is the Clarion-Nicolett-Webster 
Association with slopes ranging from one to 30 percent and portions of 
which are very susceptible to erosion. The middle zone extends to the 
juncture with the Racoon River which joins the Des Moines River in the 
city of Des Moines. Within this zone, alluvial fan or outwash deposits 
often project into the river and the river bottom is composed of rock rub­
ble, sand and sand-gravel with a few silt and silt-sand bars. Much of the 
agricultural land in this area is so poorly drained naturally that drain­
age tile is used to promote soil drainage in one-third to one-half of the 
area. The major soil associations represented include Marshall, Clarion-
Nicollet-Webster, and She!by-Sharpsburg-Macksburg. The lower zone begins 
approximately at the southern tip of the Wisconsin glaciation in Iowa and 
extends to the confluence with the Mississippi River. The flood plain in 
this area may be several miles wide and the river often meanders within the 
flood plain except where the river has been channelized. The bottom is 
usually composed of silt or sand-silt. The lower zone watershed, which 
has several soil associations represented within it, has a slope of zero 
to eighteen percent. Much of this soil is very susceptible to erosion 
(Oschwald et al., 1965). 
Red Rock Reservoir is a shallow, eutrophic reservoir located approxi­
mately 40 river miles downstream from the city of Des Moines and 143 river 
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miles upstream of the confluence of the Des Moines and Mississippi Rivers. 
It is one of four major river impoundments which the U.S. Army Corps of 
Engineers has constructed in the State of Iowa and one of two located on 
the Des Moines River. The primary purposes of these impoundments are to 
provide downstream flood control and low flow augmentation for water qual­
ity control. Several other benefits are associated with the water impound­
ments, including enhanced boating and swimming opportunities and increased 
habitats for water fowl. The second impoundment on the Des Moines River is 
the Saylorville Reservoir which is located immediately upstream of the city 
of Des Moines (Figure 1). The flow observed downstream from Des Moines thus 
is comprised of the discharge from Saylorville Reservoir plus the flow of 
the Raccoon River, plus the contribution of the Des Moines metropolitan 
area. Three small tributaries enter the river between Des Moines and the 
Red Rock Reservoir; these are the North, Middle and South Rivers. 
Under normal conditions, an attempt is made to maintain a fairly con­
stant "conservation pool" elevation in each reservoir. During the study 
period, this conservation pool elevation in Red Rock Reservoir was approxi­
mately 728 feet above mean sea level (MSL), resulting in a maximum water 
depth of about 32 feet near the dam. As might be expected, however, ex­
treme variations in flow are often seen in the Des Moines River, especially 
during spring runoff. When inflows of the Des Moines River are high, it 
is sometimes necessary to allow the pool elevation to increase temporarily 
to afford flood protection for downstream communities. 
Since its completion in 1969, the Red Rock Reservoir has been steadily 
accumulating sediment. As a result, the headwaters region, in the vicinity 
of the highway 14 bridge (Figure 1) consists of numerous sand and silt 
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Fig. 1. Location map for sample points on Des Moines River, 
Racoon River, Saylorville and Red Rock Reservoirs 
(Table taken from Baumann et al., 1981) 
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deltas which direct the water into separate channels of varying velocity 
and size (Figure 2). Immediately downstream from and parallel to the high­
way 14 bridge lies the ranains of an old highway which is submerged at 
elevation 728, except for the still existing bridge which spanned the Des 
Moines River prior to the construction of the reservoir. At that eleva­
tion, the bridge opening serves to constrict the flow of water, thus act­
ing as a venturi section. 
Plan of Approach 
In order to adequately investigate both the chemical and biological 
aspects of the aquatic environment in the vicinity of Red Rock Reservoir, 
a sampling program consisting of two phases was initiated. A weekly water 
quality sampling program was designed to monitor the long-term variations 
in numerous water quality parameters, both upstream of and within Red Rock 
Reservoir. In addition, a series of 10 intensive "transect studies" was 
conducted within the pool of Red Rock Reservoir. These intensive samplings 
were designed to detect heterogeneities in specific water quality parame­
ters as well as the planktonic diatom community at given points in time. 
The weekly water quality sampling was performed at five stations by 
collecting surface samples. The 10 transect studies were performed by col­
lecting both surface and depth samples from 25 sampling points located 
within the pool of the reservoir. The latter studies were performed during 
each season of the year and during periods when the lake elevation was at 
the normal conservation pool elevation as well as at much higher eleva­
tions. Details of the sampling procedures are discussed in a later section. 
Figure 2. Aerial view of Red Rock Reservoir and the Des Moines River 
a) Des Moines River meandering within the flood plain 
b) Headwater del tic area of Red Rock Reservoir 
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MATERIALS AND METHODS 
Establishing Sampling Points 
During the period from July 12, 1978, through September 9, 1979, water 
samples were collected weekly at five stations above and within Red Rock 
Reservoir (7, A, B, WBC and 8) corresponding to stations used by Baumann 
et al. (1980). 
Additionally, 10 intensive sampling trips, termed "transect studies," 
were performed along predetermined transects in Red Rock Reservoir. 
The locations of the sampling points were determined by establishing 
five lines (transects) across the reservoir with five sampling points var­
iously spaced along each line for a total of 25 sampling points. The lo­
cations of these transects correspond to those established by the U.S. Army 
Corps of Engineers prior to reservoir construction (Master Reservoir Regu­
lation Manual, 1968). The Corps still uses the transect lines for conduct­
ing sediment surveys in the reservoirs at five-year intervals. The tran­
sects were labeled lA, 2A, 3A, 4A, and 5A with transect lA being closest 
to the dam and transect 5A being furthest from the dam. 
Prior to performing the transect studies, the 25 sampling points had 
to be located precisely. This was a very important prerequisite to samp­
ling since the sampling design was intended to identify heterogeneities 
within the reservoir; thus, it was necessary that the sampling crew be able 
to return to these same locations each time a transect study was performed. 
The problem of establishing the transects was not a simple one. Due 
to thick vegetation along the shore of the reservoir, it was extremely dif­
ficult to locate the ends of each transect (the Hubs) established by 
9 
surveyors 10 years previously. This problem was greatly alleviated with 
the help of a survey crew provided by the Rock Island District of the U.S. 
Army Corps of Engineers and by referring to the original survey notes. 
Upon locating the Hubs for each transect, however, it was obvious that it 
was not possible to sight across the reservoir to see the Hub on the op­
posite shore due to dense vegetation. Thus, in some instances, points on 
transect lines (P.O.T.s) were established closer to the water by the sur­
vey crew. It was then possible to set up a transit over one P.O.T. and 
sight across the reservoir to a P.O.T. on the other side, thus establish­
ing the transect line. Having P.O.T.s closer to the shore also made it 
possible to see adjacent transects. By knowing the coordinates of the 
original survey Hubs (from the original surveyors notes), and the distance 
of the newly established P.O.T.s from their corresponding Hub, it was pos­
sible to calculate the coordinates of the P.O.T.s. The five sampling 
points were spaced along each transect so that one point lay over the new 
approach to the dam which the U.S. Army Corps dug during reservoir construc­
tion (this was done along transect lA only), and one point lay over the 
old river channel (thalweg), and the remaining points lay at various loca­
tions over what had been the flood plain of the Des Moines River. In the 
case of transect 4A, a sampling point was also placed over the old channel 
of White Breast Creek (the main tributary to Red Rock Reservoir) as it 
enters the reservoir. 
Using contour maps (Iowa Coordinate System, South Zone), the distance 
from the P.O.T.s to each sampling location along a given transect was de­
termined graphically. The coordinates of all Hubs, P.O.T.s and sampling 
10 
points are given in Table 1 and their locations are depicted graphically 
in Figure 3. 
Unfortunately, determining the locations of each sampling point graph­
ically in the laboratory proved to be a much easier task than physically 
locating them in the field. Field location was accomplished by using two 
transits; one placed over a P.O.T. to sight across the reservoir to estab­
lish the line and a second placed over a Hub or P.O.T. of a neighboring 
transect (or over a Hub located on the dam). It was thus possible to lo­
cate each sampling point via triangulation. The method employed is depict­
ed in Figure 4 and the angles which had to be turned to locate the sampling 
points are given in Table 2. In order to position a sampling crew in a 
boat over the appropriate spot, it was necessary to establish communica­
tions between the sampling crew and crew members manning the two transits. 
As the distances between the sampling crew and the transits often exceeded 
one mile, it was necessary to use radio communication, i.e., walkie-talkies. 
This proved to be very effective during calm weather; however, when incle­
ment weather prevailed (resulting in three to four foot waves during the 
surraner and near blizzard conditions during the winter) more than a few 
problems arose making for some long sampling days. To complicate the situ­
ation even further, the 25 sampling points had to be reestablished every 
time a transect study was performed, as any permanent markers in the res­
ervoir were susceptible to vandalism, not to mention the potential hazards 
they posed to boaters and water skiers. 
Despite the numerous logistic problems encountered, every sampling 
point was accurately located. It was possible to verify this using the 
sedimentation range maps prepared by the U.S. Army Corps of Engineers. By 
Table 1. Red Rock Reservoir transect stations, locations and coordinates® 
b c Transects Stations Locations ' Coordinates 
lA-lL north shore 503,412 2,144,707 
P.O.T. north shore 503,022 2,144,321 
lA-1 1,000 feet from north shore. horizontal range 1,700 feet 502,204 2,143,511 
lA-2 1,900 feet from north shore. horizontal range 2,600 feet 501,564 3,142,878 
lA-3 2,800 feet from north shore. horizontal range 3,500 feet 500,924 2,142,245 
lA-4 3,600 feet from north shore, horizontal range 4,300 feet 500,356 2,141,682 
lA-5 4,700 feet from north shore. horizontal range 5,400 feet 499,574 2,140,908 
lA-lR south shore 498,455 2,139,800 
2A-1L north shore 507,244 2,142,510 
P.O.T. north shore 506,955 2,142,255 
2A-1 1,400 feet from north shore. horizontal range 2,800 feet 505,070 2,140,590 
2A-2 2,800 feet from north shore. horizontal range 4,300 feet 503,946 2,139,579 
2A-3 4,200 feet from north shore, horizontal range 5,700 feet 502,897 2,139,670 
2A-4 5,600 feet from north shore, horizontal range 7,100 feet 501,847 2,137,744 
2A-5 7,200 feet from north shore, horizontal range 8,700 feet 500,648 2,136,685 
2A-3R south shore 499,030 2,135,255 
3A-1L north shore 509,985 2,136,310 
P.O.T. north shore 509,736 2,136,066 
3A-1 800 feet from north shore, horizontal range 1 ,300 feet 509,057 2,135,400 
3A-2 1,400 feet from north shore, horizontal range 1,900 feet 508,269 2,134,979 
3A-3 2,700 feet from north shore, horizontal range 3,200 feet 507,701 2,134,069 
3A-4 4,100 feet from north shore. horizontal range 4,600 feet 506,701 2,133,089 
3A 3A-5 5,500 feet from north shore, horizontal range 6,000 feet 505,702 2,132,108 
3A-4R south shore 504,475 2,130,905 
4A 4A-1L north shore 514,180 2,129,745 
P.O.T. north shore 514,078 2,129,690 
4A-1 1,200 feet from north shore. horizontal range 1,600 feet 512,722 2,129,986 
4A-2 2,400 feet from north shore. horizontal range 2,800 feet 511,712 2,128,416 
4A-3 3,600 feet from north shore. horizontal range 4,000 feet 510,659 2,127,847 
4A-4 4,800 feet from north shore, horizontal range 5,200 feet 509,603 2,127,277 
4A-5 5,800 feet from north shore. horizontal range 6,200 feet 508,723 2,126,802 
4A-4R south shore 507,865 2,126,340 
5A 5A-1L north shore 517,385 2,123,145 
P.O.T. north shore 517,144 2,123,005 
5A-1 900 feet from north shore, horizontal range 1,800 feet 515,820 2,122,239 
5A-2 1,800 feet from north shore. horizontal range 2,700 feet 515,052 2,121,786 
5A-3 2,700 feet from north shore, horizontal range 3,600 feet 514,274 2,121,333 
5A-4 3,600 feet from north shore. horizontal range 4,500 feet 513,497 2,120,880 
5A-5 4,600 feet from north shore. horizontal range 5,500 feet 512,632 2,120,377 
5A-1R south shore 511,385 2,199,650 
®A11 coordinates referred to were taken from the Iowa Coordinate system, South Zone. 
^All distances are from the north shore of the reservoir at an elevation of 725 MSL. 
^Horizontal ranges refer to values obtained from the Master Reservoir Regulation Manual - Des 
Moines River Basin, Iowa. 
Figure 3. Red Rock Reservoir, weekly sampling station locations and transect station locations 
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Table 2. Angles turned in order to locate transect sampling points. Hubs, 
and P.O.T.s 
Counterclockwise 
Location POT or angles turned from 
of sampling point HUB or POT to locate 
Transect transit of interest POT or sampling point 
lA Hub on dam POT-IA 0° 00' 
lA-lL -2° 36' 
lA-1. qo 42' 
lA-2 21° 55' 
lA-3 470 47. 
lA-4 82° 02' 
lA-5 116° 39' 
1A-4R 
2A Hub on Dam POT-IA 0° 00' 
P0T-2A 33° 29' 
2A-1 46° 29' 
2A-2 61° 01' 
2A-3 76° 08' 
2A-4 90° 50' 
2A-5 105° 03' 
3A P0T-4A P0T-3A 0° 00' 
3A-1 7° 04' 18" 
3A-2 11° 35' 54" 
3A-3 21° 16' 6" 
3A-4 31° 00' 24" 
3A-5 39° 38' 36" 
4A-4R 84° 04' 42" 
4A P0T-5A P0T-4A 0° 00' 
4A-1 11° 32' 
4A-2 20° 27' 
4A-3 28° 37' 
4A-4 35° 50' 
4A-5 41° 05' 
5A-1R 95° 35' 
SA P0T-4A P0T-5A 0° 00' 
5A-1 11° 24' 24" 
5A-2 17° 36' 48" 
5A-3 23° 17' 42" 
5A-4 28° 24' 42" 
5A-5 33° 27' 48" 
4A-5R 86° 18' 18" 
®A11 POT'S were located on the north shore. Hubs were located on both 
shores and are referred to as "R" (right shore) or "L" (left shore) as one 
faces the dam. 
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knowing the reservoir elevation at the time of sampling, the theoretical 
water depth at each sampling point was computed and compared to the depth 
measured using a Lorance depth meter. It was then possible to determine 
whether the sampling crew was at the proper location (the intersection of 
the two transit lines of sight) prior to collecting any samples. 
Sampling Procedure 
Weekly samples were collected at stations 7 and A by lowering à dis­
solved oxygen dunker from a bridge. At stations B, WBC and 8, samples 
were collected from a boat in a manner described in a later section. The 
locations of these stations were determined visually and all five stations 
are described by Baumann et al. (1980). 
Prior to the initiation of transect sampling, it was determined that 
samples should be taken during each season of the year to ensure that the 
various environmental conditions which normally vary seasonally would be 
represented. Thus, samples were collected during the winter, spring, sum­
mer and fall. Due to the nature of the sampling (a very large number of 
samples were collected in one to three days of sampling requiring numerous 
field and laboratory personnel), the sampling dates had to be determined 
well in advance of the sampling trip so as to allow for preparation time. 
This added a degree of randomness to the collection scheme, in that the 
investigator could not specify the weather conditions under which the 
sampling occurred. As a result, some of the collection trips were per­
formed under extrane weather conditions (i.e., thunderstorms, windy condi­
tions, blizzards, etc.) and are probably not fully representative of the 
entire season. 
Before going to the field, it was also decided to collect samples at 
various depths at each sampling point. Surface samples were taken one-half 
meter below the surface and depth samples were taken at every meter of 
depth until one-half meter from the bottom. This grid-pattern was designed 
to detect heterogeneities which existed horizontally across the reservoir 
as well as longitudinally over the length of the reservoir. In addition, 
the depth samples allowed quantification of the degree of stratification 
which existed throughout the reservoir. 
Nine transect studies, conducted when open water conditions existed, 
were made using an 18 foot boat equipped with an outboard motor. A study 
conducted on February 9 and 10 of 1979 required the use of a snowmobile 
with an attached toboggan for transporting samples and personnel. During 
the first transect study (July 12-14, 1978) and during the sixth study 
(February 9 and 10, 1979), water samples were collected using a dissolved 
oxygen dunker which allowed for the collection of water from specific 
depths without contamination. The dissolved oxygen dunker was equipped 
with two B.O.D. bottles for dissolved oxygen determinations. These samples 
were immediately "fixed" with MnSO^ and alkaliiodide azide (AIA) in ac­
cordance with the Azide Modification of the Winkler dissolved oxygen 
method. Additional samples were then collected and used for other analy­
ses. Conductivity and water temperature were determined while at the site. 
The remaining samples were placed in ice chests for temporary storage. 
Immediately upon returning the samples to shore, filtering of samples for 
chlorophyll analysis was done by personnel stationed in a mobile water 
quality laboratory. Dissolved oxygen determinations were also completed in 
the mobile laboratory in the field. All other samples were returned to the 
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Engineering Research Institute Analytical Services Laboratory (ERI-ASL) at 
Iowa State University for analysis. During the February 1979 study, an 
ice auger was used to cut a hole large enough for the dissolved oxygen 
dunker to be lowered through the ice at each of the sampling points. The 
same preservation and analytical procedures were used during the first and 
sixth studies. 
This method of sample collection (using a dissolved oxygen dunker) 
proved to be very time consuming as well as exhausting, since the dunker 
had to be lowered to each precise depth at least 3 to 4 times to collect 
enough water for analysis. As a result, an alternative sampling method 
was devised for use in the remaining studies. The sampling device depicted 
in Figure 5 was used to collect water samples during the remaining eight 
transect studies and at stations B, WBC and 8 during the weekly sample col­
lections. It consisted of a submersible pump with a pumping capacity of 
approximately two gallons/minute attached to a 50 foot length of nylon 
garden hose. The submersible pump was lowered to the desired depth and al­
lowed to pump for 30 seconds to clear the line of water from the previous 
sampling depth. At the upper end of the hose in the boat was a Plexiglass 
manifold designed to accept dissolved oxygen, temperature and conductivity 
probes. Dissolved oxygen, temperature and conductivity measurements were 
then made while one liter polyethylene sample bottles were filled from the 
spout of the manifold. The advantages of this device include: 1) immedi­
ate determination of dissolved oxygen concentrations thereby eliminating 
the necessity for transporting B.O.D. bottles to and from shore, 2) field 
results obtained at a given depth could be checked by the sampling crew be­
fore moving to another sampling point, 3) the necessity for lowering and 
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Thermometer Lead to conductivity meter 
Overflow snout 
Lead to dissolved 
oxygen meter 
.75" nylon garden hose 
Submersible pump 
[battery powered) 
Figure 5. Sampling apparatus used to collect water samples during tran­
sect studies 2, 3, 4, 5, 7, 8, 9 and 10 
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raising the sampling device numerous times was eliminated, even when large 
volumes of water were taken for replicate analyses, and 4) reduced sampling 
times minimized the possibility of recording differences between samples 
due to their being collected over an extended period of time. 
As part of the above mentioned transect sampling, subsamples from each 
depth were taken for analysis of planktonic diatoms. Twenty-five milli­
liter screw cap vials which already contained two milliliters of a Forma­
lin, acetic acid, and ethanol mixture (Patrick and Reimer, 1966), were 
filled with water taken from each sampling depth during eight of the 10 
transect studies. The subsamples were taken in the field at the same time 
the water samples were taken. Upon returning to the laboratory, "wet 
mounts" were prepared from the unpreserved surface samples and microscopi­
cally examined at 537X to ensure that only living cells were to be included 
in the samples. 
Analysis of Water Samples 
In addition to the analyses performed in the field, laboratory analy­
ses were performed to determine numerous chemical, physical and biological 
parameters. Certain parameters were analyzed from weekly samples, but not 
from transect samples. All laboratory analyses were performed in the ERI-
ASL at Iowa State University under the direction of James Gaunt, Laboratory 
Manager. Table 3 lists all analyses performed (field and laboratory) along 
with the method used and the reference from which each method was obtained. 
Table 3. Methods of analysis of water quality parameters 
Parameter® Frequency^ Method Reference^ 
1. Temperature F) W Mercury-filled centigrade 
thermometer, -20 to +110°C 
SMEWW, p. 125 
2. Turbidity F.L) .w.t Nephelometric method SMEWW, p. 132 
3. Total solids L) B Evaporation and weighing SMEWW, p. 91 
4. Suspended solids L) B Glass fiber filter; non-
filterable residue 
SMEWW, p. 94 
5. Dissolved oxygen F) W,T Winkler, azide modification^ 
Electrometric 
SMEWW, 
SMEWW, 
p. 
p. 
443 
450 
6. Biochemical oxygen 
demand 
L) W Incubation, 20°C, 5 days, 
nitrification suppressed 
SMEWW, p. 543 
7. Chemical oxygen 
demand 
L) W Bichromate reflux SMEWW, p. 500 
8. Total carbon L) W By calculation, sum of 
inorganic and organic carbon 
-
— 
9. Inorganic carbon L) w By calculation from alka­
linity and carbon dioxide 
SMEWW, p. 278 
10. Total filterable 
organic carbon 
L) w Combusti on-infrared SMEWW, p. 532 
11. Total organic 
carbon 
L) w Combustion-infrared SMEWW, p. 532 
12. Specific conductance F.L) W,T Electrometric SMEWW, p. 71 
13. pH 
14. Carbon dioxide 
15. Phenolphthaline 
alkalinity 
16. Total alkalinity 
17. Total hardness 
18. Calcium hardness 
19. Total nitrogen 
20. Organic nitrogen 
21. Ammonia nitrogen ) 
W 
W 
w 
w 
w 
u 
w 
w 
w 
Potentiometrlc 
Potentiometric titration 
Potentiometric titration 
Potentiometric titration 
EDTA titration 
EDTA titration 
Sum of all nitrogen forms 
Kjeldahl, phenate method 
automated 
Phenate method, automated 
SMEWW, p. 460 
SMEWW, p. 298 
SMEWW, p. 278 
SMEWW, p. 289 
SMEWW, p. 189 
SMEWW, p. 202 
MCAWW, p. 351.1 
MCAWW, p. 350.1 
^(L) indicates analysis was performed in the laboratory and (F) indicates the analysis was per­
formed in the field. 
^W indicates the analysis was performed weekly; B indicates the analysis was performed bi-weekly; 
M indicates the analysis was performed monthly; Q indicates the analysis was performed quarterly; T 
indicates the analysis was performed as part of the transect studies. 
^SMEWW indicates Standard Methods for Examination of Water and Wastewater, 1976; MCAWW indicates 
Methods for Chemical Analysis for Water and Wastes, 1979; E indicates Emerson et al., 1975; AMAAS in­
dicates Analytical Methods for Atomic Absorption Spectrophotometry, 1973; ASTM indicates American 
Society for Testing and Materials, 1978; B indicates Biological Analysis of Water and Wastewater, 1972. 
^Winkler dissolved oxygen determinations were always made at station F and were also used during 
transect studies 1 and 6, 
Table 3, continued 
Parameter Frequency 
22. Un-ionized ammonia 
23. Nitrite-nitrate 
nitrogen 
24. Total phosphorus 
L 
L W 
B 
25. Orthophosphate 
(soluble reactive 
phosphorus) 
26. Total soluble 
phosphorus 
27. Soluble unreactive 
phosphorus 
28. Particulate 
phosphorus 
29. Total iron 
30. Total manganese 
31. Dissolved calcium 
W 
W 
W 
Method Reference 
Ammonia calculation E 
Cadmium reduction method, MCAWW, p. 353.2 
automated 
Sulfate-perchloric acid SMEWW, p. 476 
digestion vanodomolybdate 
complex, automated 
Ascorbic acid, molybdate MCAWW, p. 365.1 
Sulfate-perchloric acid SMEWW, p. 476 
digestion vanodomolybdate 
complex, automated 
By calculation (total soluble 
phosphorus minus soluble 
reactive phosphorus) 
By calculation (total phos­
phorus minus total soluble 
phosphorus) 
Atomic absorption SMEWW, p. 144, 147; 
spectrophotometry AMAAS 
Atomic absorption SMEWW, p. 144, 147; 
spectrophotometry AMAAS 
Atomic absorption SMEWW, p. 144; 
spectrophotometry AMAAS 
32. Dissolved (L) 
magnesium 
W Atomic absorption 
spectrophotometry 
SMEWW, p. 
AMAAS 
144; 
33. Heavy metals (L) 
(except arsenic) 
M Atomic absorption 
spectrophotometry 
SMEWW, p. 
AMAAS 
144, 147; 
34. Arsenic (L) M Atomic absorption spectro­
photometry, hydride genera­
tion 
MCAWW, p. 206.5 
35. Sulfate (L) Q Methyl thymol blue, automated SMEWW, p. 628 
36. Sodium (L) Q Flame photometric method SMEWW, p. 250; AMAAS 
37. Potassium (L) Q Flame photometric method SMEWW, p. 345; AMAAS 
38. Chloride (L) Q ASTM designation: D 512-67 
(1974), Method C 
ASTM, part 31, p. 269 
39. Dissolved silica (L) W,T® Molybdosilicate method, 
modified and automated 
SMEWW, p. 487 
40. Plankton (L) M.T Counting individuals by genus SMEWW, p. 1024 
41. Phytoplankton (L) 
pigments 
W,T Spectrophotometri c 
determination 
SMEWW, p. 1030 
42. Total coliform (L) B Membrane filter SMEWW, p. 928 
43. Fecal coliform (L) B Membrane filter SMEWW, p. 937 
44. Fecal streptococcus (L) M Membrane filter, two-stage 
test 
B, p. 35 
^Dissolved silica determinations were performed only during transect studies 7, 8, 9 and 10. 
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Diatom Sample Preparation and Examination 
Prior to examination, the plankton samples were "cleaned" to oxidize 
any organic material present. This allowed for observation of minute de­
tails of cell wall structure, which is critical in diatom identification. 
The cleaning procedure consisted of placing the sample in a small beaker 
with an equal volume of 30 percent hydrogen peroxide. This mixture was 
gently heated for a period of two to four hours at which time a small 
quantity of potassium di chroma te was added to complete the oxidation proc­
ess. The sample was covered and allowed to settle for not less than 72 
hours. The supernatant was carefully decanted and the remaining diatoms 
were resuspended in deionized, distilled water. This "washing" procedure 
was repeated seven times. The supernatant from several samples was ex­
amined periodically to ensure that cells were not being lost through the 
decanting process. The cleaned samples were then quantitatively trans­
ferred into their original collection vials and returned to the original 
volume. 
A homogeneous, one milliliter aliquot was removed from the vial using 
a one milliliter volumetric pipet and placed on a number one, 18 milli­
meter square coverslip and allowed to air dry. The coverslip was then in­
verted on a drop of Hyrax mounting medium on a microscope slide and heated 
to evaporate the Hyrax solvent (toluene) making the slide permanent. The 
prepared slides were examined using a Bausch and Lomb light microscope 
equipped with an oil immersion fluorite objective (N.A. 1.30) at approxi­
mately 1200X. 
These permanent slides were examined to determine the number of diatom 
cells/ml as well as the percentage of the total count that each diatom 
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taxon comprised. The counting technique used to determine total cell 
counts consisted of scanning every other horizontal row of a coverslip and 
recording the number of frustules encountered. The percentage of the total 
count that each taxon comprised was determined by counting 500 frustules 
and recording the number of each taxon encountered. Many samples had few­
er than 500 frustules/ml. In these cases, the entire mounted sample was 
counted and percentages were based on the total number of cells counted 
when this number exceeded 100 cells/ml. As a check on the precision of 
the counting technique, replicate counts were performed on numerous slides 
and replicate slides were prepared and counted. 
As an aid in identifying the various diatom taxa, photomicrographs of 
as many taxa as possible were taken with a Leica camera using Panatomic-X 
film. In addition, a Scanning Electron Microscope was used to examine 
several representative samples. A portion of the cleaned sample was placed 
on a cylindrical graphite stub and allowed to air dry. The stubs were then 
coated with 150 to 200 Angstroms of gold in a Polaron Model E5100 Scanning 
Electron Microscope sputter coating unit and examined at 15 kilovolts on a 
JSM-U3 Scanning Electron Microscope. Electronmicrographs were taken using 
Polaroid film. Many of the taxa encountered v/ere very small cycioteiia 
and stephanodiscus species (less than five micrometers in diameter). Be­
cause of the uncertainty which clouds their identification, even among the 
experts in the field of diatom taxonomy, taxa which could not be positive­
ly identified were grouped into their appropriate genera. 
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Quality Control 
As a means of determining the accuracy and reproducibility of the 
chemical, physical and biological analyses, several quality control mea­
sures were adhered to. First, the ERI-ASL performed triplicate analyses on 
most parameters. When the standard deviation for a given sample exceeded 
the limits for that parameter as established by Standard Methods, the sam­
ple was reanalyzed when possible. In addition, an unlabeled, duplicate 
sample of one of the weekly collection stations was collected each week 
and the results obtained were compared to those for the appropriately 
labeled sample. This acted as a check on the entire collection-analytical 
process. 
In the case of chlorophyll analyses, the cost of analysis and the time 
required to perform the test prohibited replicate analyses on a routine 
basis. However, because this parameter requires considerable "work-up" 
and because the test is very susceptible to analytical error, a means of 
assessing the accuracy and precision of this test was deemed necessary. 
Prior to the initiation of sampling, E.P.A. quality control standards were 
obtained and analyzed. The results obtained for all pigments (chlorophylls 
a, 2>, c and pheophytin a) were within the limits established by the E.P.A. 
Also, replicate samples were collected on three separate occasions, as part 
of the transect studies, in order to document the reproducibility of the 
test. 
Cell counts, performed as part of each transect sampling, were also 
checked on a routine basis. Two methods for verifying the reproducibility 
of the counting technique and sampling procedure were employed. As part of 
eight transect studies, replicate samples were collected from certain 
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locations and cell counts were performed on these samples. Also, repli­
cate counts were made on selected slides. 
LITERATURE REVIEW 
In recent years, impoundments have become increasingly important in 
terms of both numbers and usage by the general public. The construction 
of reservoirs has increased dramatically during the past 30 years and the 
estimated number of 'recreation days' has increased to over 350 million 
(Keeley et al., 1978). While reservoirs may be designed with a single 
major purpose in mind (flood control, water supply, etc.) associated bene­
fits (low flow augmentation, recreation use, expanded aquatic habitat, 
hydropower and improved water quality downstream) are often realized at no 
or minimal additional cost. In many areas, these associated benefits, 
given proper management practices, can be of major importance to the gen­
eral public. In Iowa, for instance, few large natural lakes (>5,000 
surface acres) exist; thus, the construction of four reservoirs by the U.S. 
Army Corps of Engineers (Coralville Reservoir on the Iowa River, Rathbun 
Reservoir on the Chariton River, and Saylorville and Red Rock Reservoirs 
on the Des Moines River) have greatly increased recreational opportunities 
in the state, especially near the major metropolitan areas. 
In order for these facilities to achieve their optimum potentials, 
management practices have to be formulated so as to minimize undesirable 
siatuations. Some of the problems often associated with impoundment are 
similar to those which plague natural lakes: nuisance algal blooms, exces­
sive growth of attached aquatics, severe stratification with resulting 
anaerobic hypolimnia, and fish kills. Other problems are more or less 
unique to impoundments. These would include accelerated accumulation of 
undesirable materials such as pesticides, heavy metals and sediment. 
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excessive turbidity, shore line erosion and alternating submersion and ex­
posure of upstream areas due to fluctuating pool elevations. All of these 
problems, of course, are not experienced by any single reservoir. Any one 
of them, however, can be serious enough to severely limit a reservoir's 
potential, and thus, have been or currently are being investigated (Austin 
et al., 1980; Bell and Johnson, 1974; Leung, 1979; Riddle, 1978; Schnoor, 
1980; Schreiber and Rausch, 1979; Thornton et al., 1979; Thornton, 1980; 
Wilson, 1973). 
The focus of this investigation was on phytoplankton growth and dis­
tribution in Red Rock Reservoir with particular emphasis being placed on 
planktonic diatoms. Numerous investigators have demonstrated the numeri­
cal importance of planktonic diatoms as well as their usefulness as ecolog­
ical indicator organisms (Williams, 1964; Lowe, 1974; Hartman and Mines, 
1961; Hohn and Hellerman, 1963; Patrick et al., 1954; Starrett and Patrick, 
1952; Margalef, 1969; Scruggs, 1972; Wang and Evans, 1970). 
Several investigators have studied the diatom communities of the Des 
Moines River and other Iowa waterways in recent years (Dodd, 1971; Kilkus 
et al., 1975; Fee, 1967; Fee and Drum, 1964; Drum, 1962, 1963, 1964; 
Starrett and Patrick, 1952; Sherman, 1977; Roeder, 1976; Swanson and 
Bachmann, 1976; Beckert, 1977; Johnson, 1974; McGrath, 1973; Soballe, 1981; 
Hungerford, 1971; Lowe, 1970, 1972; Ohl, 1963; Neel and Smith, 1961; Shobe, 
1967; Swanson, 1973; Gudmundson, 1969; Baumann et al., 1973, 1974, 1975, 
1977a, 1977b, 1979; Speiran, 1977; LaPerriere, 1971). Common to these 
studies has been the fact that the planktonic diatom cotranunity has been 
shown to comprise a very significant portion of the total phytoplankton 
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population and that the role which planktonic diatoms play in river eco­
systems must not be understated. 
A review of those works which were conducted on the Des Moines River 
in the immediate vicinity of the present study area reveals that plank­
tonic diatoms comprise a remarkably high percentage of the total plankton. 
Figure 6 depicts the results which several different investigators found 
during their respective studies. It can be seen that when total phyto-
plankton counts are relatively low (less than 2000 eelIs/mi 11 il iter) dia­
toms comprised approximately fifty percent of the phytoplankton community. 
Although this represents a substantial proportion, the relative importance 
of diatoms increases significantly as the total phytoplankton concentra­
tions increase. Thus, it is not unusual for diatoms to comprise in excess 
of ninety percent of the phytoplankton community when higher total phyto­
plankton counts are obtained. The constancy of this relationship is sur­
prising in light of the fact that the data used encompass an eight year 
period (1972-1979) and varying collecting and counting techniques were 
used by the investigators involved. 
Ecosystem Modeling 
In order for the optimum potential to be derived from existing lakes 
and reservoirs, management practices (both watershed and reservoir) must 
be decided upon and followed. By determining what factors are most im­
portant in terms of regulating responses in water bodies, investigators 
hope to improve on their ability to predict responses under certain cir­
cumstances. 
Figure 6. The relationship between total phytoplankton cell counts and diatom cell counts, Des 
Moines River. Key to experimental points: (J) Johnson, 1974; (S) Sherman, 1977; 
(1) Baumann et al., 1973; (2) Baumann et al., 1974; (3) Baumann et al., 1975; (4) Baumann 
e t  a l . ,  1 9 7 7 a ;  ( 5 )  B a u m a n n  e t  a l . ,  1 9 7 7 b ;  ( 6 )  B a u m a n n  e t  a l . ,  1 9 7 9 ;  ( 7 )  B a u m a n n  e t  a l . ,  
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One of the most important factors influencing phytoplankton growth and 
composition is nutrient availability. Several investigators have demon­
strated the importance of nutrients in estimating productivity. Sakamoto 
(1966) established a relationship between average summer chlorophyll con­
centrations and spring total phosphorus concentrations in several Japanese 
lakes. Dillon and Rigler (1974) noted that lakes with high N:P ratios 
(> 12) appear to deviate from this line very little, while those with 
lower N:P ratios show greater deviations. The implication is that in phos­
phorus limited lakes, the relationship between N:P ratios and chlorophyll 
concentrations is very predictable. When phosphorus is not limiting, how­
ever (either because nitrogen is limiting or because phosphorus is present 
in excess), neither phosphorus concentrations nor N:P ratios can be used 
to accurately predict chlorophyll concentrations. Expanding upon this, 
they looked at 19 lakes in southern Ontario and combined this data with 
that from North American lakes to arrive at a relationship which allows one 
to predict summer chlorophyll a concentrations from a single total phos­
phorus concentration at spring overturn. 
Bachmann and Jones (1974), working with four northwest Iowa lakes, es­
tablished a significant relationship between summer standing crops of 
plankton algae in lakes (as estimated by chlorophyll ^ concentrations) 
and annual inputs of total phosphorus. They were also able to predict to 
what levels phosphorus inputs would have to be reduced before any reduc­
tion in algal standing crop would be realized. Jones and Bachmann (1976) 
looked at results from 143 lakes (16 from Iowa) and documented a strong 
positive correlation between average summer chlorophyll ^ concentrations 
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and total phosphorus concentrations. A similar relationship was demon­
strated by Carlson (1977) working with oligotrophic lakes, while Hern etal. 
(1979) sampled approximately 800 lakes in 49 states and found a signifi­
cant, though less strong, correlation between chlorophyll ^ and total 
phosphorus. 
Other studies involving the relationship between nutrient availability 
and phytoplankton growth and development have been conducted. Bailey-Watts 
(1976a and 1976b) investigated the relationship between planktonic diatoms 
and silica budgets in a shallow Scottish Loch, and found that a complex 
interaction exists between dissolved silica in the inflowing and outflowing 
water, the standing stocks of diatoms and the regenerations of silica from 
the bottom sediments. Myholm (1978), working with 12 shallow Danish lakes 
with relatively short retention times, used a simulation model to predict 
phytoplankton growth from nutrient inputs. 
Biological Response 
Several studies have been performed looking at individual taxa and 
species associations and their responses to nutrient conditions. Hustedt 
(1945) named Meiosira graimiata the planktonic diatom most characteristic 
of eutrophic lakes in Europe. Lund (1962) found m. granuiata, and to a 
lesser extent, m. ambigua, to be characteristic of strongly entrophic 
waters in Britian. During the last 30 years or so, m. binderana has become 
increasingly important in Lake Erie as eutriphocation has progressed. 
Holland (1968) also found m. gxanulatai M. aiabigua and binderana tO be 
associated with the more eutrophic waters of Green Bay, while a marked 
shift in species composition was observed in the open waters of Lake 
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Michigan. Kilham and Ki 1 ham (1975) looked at 13 African lakes and found 
M. granuiata to be closely associated with moderate to high nutrient con­
centrations. Stoermer (1978) has shown m. granuiata to be indigenous to 
more eutrophic habitats surrounding the Great Lakes, and is beginning to 
invade Lake Michigan as eutrophication increases. Lambou et al. (1979), 
looking at 250 eastern and southern lakes with known 'problem areas' noted 
considerable overlap in the ranges of concentrations for various nutrients 
when certain algae were dominant. He concluded that, while most genera 
are not good predictors of trophic conditions, certain exceptions (especial­
ly in the cases of monospecific genera or genera with few species) do ex­
ist. Thomas (1970), working with the Wilson Reservoir in Kansas, found 
definite relationships between nutrient concentrations (including N:P 
ratios), conductivity measurements and algal responses. Holland and Beeton 
(1972), working in Lake Michigan, have been able to show different species 
composition and greater diatom populations in the inshore waters where 
nutrient concentrations were higher as compared to offshore waters. 
Schelske and Stoermer (1971) predicted that continued silica depletion of 
Lake Michigan waters resulting from phosphorus stimulated diatom growth 
would eventually limit diatom growth and gradually lead toward a shift 
from assemblages dominated by diatoms to those dominated by green and blue-
green algae. 
Physical Factors Affecting Phytoplankton 
Also of importance in controlling phytoplankton distribution are fac­
tors such as sedimentation, wind induced mixing, temperature gradients and 
light attenuation. Smayda (1970) prepared an extensive study on the 
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suspension characteristics of marine phytoplankton. Practically every as­
pect of phytoplankton suspension was discussed including cell shape, cell 
size, morphological adaptations, physiological properties of cells, and 
water movements. In addition, sinking rates for numerous taxa taken from 
the literature were compiled. In a later paper (Smayda, 1974), sinking 
rates of two freshwater diatom taxa {Asterlonella fonaosa and Tabellarza. 
fioccuiosa) were examined. From these works, Smayda concluded that cell 
shape was a significant factor in determining sinking rates in similarly 
sized cells with plates tending to sink faster than cylinders which sink 
faster than spheres (when the cell diameter < 5 %m). At larger sizes this 
trend changes. It was also shown that larger cells tend to sink faster 
than smaller cells, and dead cells sink faster than live cells. Physiologi­
cally active cells sink slower than senescent cells. Although chain forma­
tion apparently promotes sinking, Skabichevskiy (1977) points out certain 
advantages of chain formation to planktonic organisms, including reduced 
prédation. 
The importance of the physiological condition of cells in determining 
sinking characteristics has been examined by numerous other investigators 
(Eppley et al., 1967; Titman and Kilham, 1976; Pasciak and Gavis, 1974). 
Most investigators agree that actively growing cells tend to remain in sus­
pension longer than senescent cells, but some question still remains con­
cerning the effects of oil accumulations in quiescent cells (Scavia, 1979; 
Park and Collins, 1979). 
Most mathematical models consider wind induced mixing and internal cir­
culation patterns in predicting phytoplankton growth. Bella (1970) examined 
the importance of vertical mixing and thermocline formation in shallow. 
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eutrophic lakes and found both to be very important in algal transport. 
Lorenzen and Mitchell (1975) and Stefan et al. (1976) found a negative cor­
relation between mixing and algal concentrations under light limited growth 
conditions. DiGiano et al. (1978) found a similar relationship between 
mixing and algal concentrations in shallow lakes. Using a two compartment 
model to simulate the lake (euphotic zone and dark zone) they discovered 
that even a moderate wind velocity of 4 m/sec (approximately 8 mph) was 
sufficient to produce dispersion coefficients which greatly reduced eupho­
tic algal concentrations. DiToro (1979), working with shallow reservoirs, 
demonstrated that when a shallow euphotic zone exists, increased dispersion 
can actually enhance phytoplankton population growth by returning phyto­
pi an kton to the euphotic zone. In the headwaters region, however, he con­
cluded advective flow (wash-out) was more important than vertical disper­
sion. 
Zooplankton grazing and fungal parasitism may also play important 
roles in regulating phytoplankton population growth (Lehman, 1979; Youngman 
et al., 1976). Zooplankton population distribution in Red Rock Reservoir 
has been investigated by Asch (1971) and McGrath (1973). They found rela­
tively low concentrations (usually less than 200 organisms/liter). In 
both studies, the highest concentrations were observed near the dam and 
populations tended to persist longer in this area. 
While the importance of zooplankton grazing is generally well-known, 
relatively little work has been done in the area of fungal parasitism. 
Canter and Lund (1948) were among the first to relate fungal parasitism to 
plankton population dynamics. In a later work (Canter and Lund, 1951), 
they demonstrated that the parasitism of one alga could favor the 
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development of other algae. More recently, Reynolds (1973) noted that al­
gal dominance may be modified by attacks of fungal parasites. Bailey-
Watts {1976a and 1976b) have suggested fungal parasitism and grazing as 
being particularly important factors affecting the rise and fall of diatom 
populations in Loch Leven. Youngman et al. (1976) found that over 43% of 
the Asterioneiia fomasa cells present in Farmoor Reservoir during Decem­
ber, 1973, were parasitized by zygoihizidivm affluence, while an even 
greater percentage of the desmid ciosteriun was parasitized by an unknown 
chytrid. Other diatoms which were infected to a lesser degree included 
stephanoàiscus astraea and s. hantzscbia. They conclude from their work 
that parasitism of one alga can lead to a change in species composition. 
Although all of the above mentioned factors warrant consideration in 
evaluating the reservoir ecosystem, some of the models proposed are so com­
plex as to preclude their use. Biermann (1979) reviewed several models 
which have been used to describe phytoplankton-nutrient kinetics along with 
the rationale and assumptions used in each. It is his feeling that given 
sufficient experience and more extensive field data, relatively simple 
models can be of great value without the need for impractical budget or 
time constraints or unrealistic data requirements and computational capa­
bilities necessary in using some of the more complex models. Thornton 
(1977) has also expressed concern over the complexity of most mathematical 
models and the extensive data sets and computer facilities necessary to 
adequately calibrate them. He recommends the use of a combination of 
mathematical models, algal bioassays, loading analyses and site inspec­
tions, to realistically assess the eutrophication potential of proposed 
impoundments. 
41 
RESULTS 
Retention Time 
One of the factors most often mentioned as controlling phytoplankton 
productivity in reservoirs is water retention time in the reservoir. Theo­
retical retention time, as used in this study, is defined as the reservoir 
storage volume (V) in acre*feet divided by the reservoir outflow (Q) in 
cubic feet per second times a correction factor k: 
Retention time = ^ k . 
Two assumptions are made in using this formula: 1) the discharge from the 
reservoir changes gradually, over a period of days, and 2) water moves 
through the reservoir as a single body, thus the value derived is the 
average for the entire reservoir. 
In fact, neither of these assumptions is true. Daily discharge data 
provided by the Rock Island District of the U.S. Army Corps of Engineers 
show that sudden, substantial changes in the discharge rate are not un­
usual. This is especially true during high flow periods when an effort is 
made to maintain a constant lake level. As a result, theoretical reten­
tion times fall rapidly. Also, Kennedy et al. (1980) have shown that under 
storm event conditions, mixing of the inflowing water with the impounded 
water may not occur. Therefore, the actual retention time for the inflow­
ing storm water may be one-half or less of the theoretical retention time. 
This "short-circuiting" of the normal flow scheme at Red Rock Reservoir is 
probably the result of two or more important phenomena. First, the ex­
posed old bridge embankment downstream of the highway 14 bridge acts to 
constrict the inflowing water through a relatively narrow opening, thus 
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reducing the surface area of the front and thereby the mixing. Secondly, 
density differences between the inflowing water and the impounded water 
may serve to resist the normal mixing potential. The resulting density 
gradient may be due to thermal differences and or differences in the con­
centrations of suspended materials. Even during normal flow periods, den­
sity currents are observed in the thalweg (note in particular, dissolved 
oxygen, temperature and turbidity values obtained during the transect 
studies 3, 4, 5, 7, and 8). 
One way of damping the effects of sudden changes in discharge rates 
is to calculate the theoretical retention time using a running mean of 
the discharge over a period of several days. Although this is not an ac­
curate description of what is actually occurring at any given time, it 
does estimate the average retention time. Thus, despite the obvious short­
comings of this method of determining retention time under "dynamic condi­
tions," it does allow one to estimate what is happening to the lake as a 
whole over a period of time. This has been done using a five day running 
mean. The results of this analysis are listed in Table 4 and depicted 
graphically in Figure 7 for the period from June, 1978, through September, 
1979. 
Weekly Analyses 
Water quality samples were collected each week of the study period 
at Stations 7, A, B, WBC and 8, except when unsafe ice conditions pre­
vented sampling. The results of all analyses appear in Baumann et al. 
(1979, 1980) in both tabular and graphical form. In addition. Figures C-1 
through C-21 depict results of select parameters. As these data are an 
Table 4. Five day running mean retention time (days) 
June July Aug. Sept. Oct. Nov. Dec. Jan. 
Date 1978 1978 1978 1978 1978 1978 1978 1979 
1 — 00
 
16.0 27.8 7.5 32.7 23.7 74.1 
2 — 8.1 17.9 33.3 7.7 33.4 28.9 80.4 
3 14.2 8.2 19.8 33.3 8.1 34.1 39.2 82.2 
4 14.1 8.6 21.6 38.2 8.9 37.8 42.6 79.1 
5 14.4 9.6 24.0 43.1 11.2 38.1 45.2 73.2 
6 15.6 10.2 26.7 48.2 14.3 38.2 47.3 67.3 
7 17.6 10.3 29.6 52.0 17.0 38.2 44.9 65.5 
8 19.1 9.8 32.7 53.6 19.3 39.3 37.0 65.4 
9 20.6 8.8 35.7 58.4 20.9 41.3 37.1 65.3 
10 22.1 7.2 37.6 69.1 21.2 43.5 35.7 65.1 
11 24.4 6.0 38.5 82.1 20.5 43.2 32.9 64.9 
12 27.9 5.4 38.9 84.2 20.3 40.2 30.0 64.7 
13 29.3 5.2 39.1 74.9 20.5 35.4 27.2 69.9 
14 28.5 5.6 40.3 61.3 21.8 29.6 23.4 80.6 
15 28.2 6.6 42.8 41.7 23.5 22.1 23.3 82.9 
.16 27.0 7.9 46.1 19.9 26.2 16.5 25.4 82.9 
17 23.2 9.2 49.5 8.4 29.4 13.5 27.7 94.6 
18 20.2 9.9 54.0 8.2 34.6 12.3 29.7 81.8 
19 18.7 9.6 59.3 9.7 37.8 12.7 32.4 73.6 
20 16.3 9.6 64.7 10.6 38.8 16.3 36.2 73.7 
21 13.3 9.5 69.4 10.7 38.5 22.9 38.0 75.0 
22 10.2 8.9 68.7 10.3 38.9 27.7 39.1 73.5 
23 8.6 8.5 64.8 10.2 36.9 30.8 40.7 76.5 
;24 7.6 8.5 58.7 9.6 35.5 32.4 45.5 84.6 
25 6.9 8.3 51.2 9.4 35.5 23.1 27.0 83.5 
26 6.9 8.4 39.8 9.3 34.1 24.3 26.5 81.0 
27 7.9 9.0 32.5 8.9 32.7 25.2 60.8 82.8 
28 8.3 10.3 27.8 8.5 31.7 24.0 59.8 82.0 
29 8.6 11.8 24.1 7.9 31.7 23.2 60.2 73.7 
30 9.0 13.1 20.9 7.5 — 22.9 64.5 73.5 
31 14.2 21.5 — — • 79.2 
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Feb. March April May June July Aug. Sept 
1979 1979 1979 1979 1979 1979 1979 1979 
83.5 44.0 29.1 29.4 23.4 9.9 5.3 3.0 
84.6 37.7 27.4 30.0 22.8 9.8 4.9 3.0 
88.3 28.0 25.6 30.6 22.1 9.7 4.1 3.0 
92.9 20.2 23.5 31.0 21.5 9.1 4.2 2.9 
94.4 14.4 21.2 31.2 20.6 8.9 4.6 2.9 
94.6 11.7 21.2 31.4 19.8 8.7 5.6 2.9 
94.7 10.1 21.4 31.5 19.2 8.3 6.5 2.9 
94.9 8.7 21.5 31.5 18.5 8.1 7.3 3.0 
95.1 7.4 21.6 31.5 18.1 8.6 7.8 3.1 
92.2 6.8 21.6 31.5 17.8 8.7 7.8 3.2 
88.1 6.9 21.6 31.4 17.5 8.6 7.1 3.3 
84.0 9.8 21.5 31.2 17.1 8.5 6.4 3.5 
79.8 13.0 21.0 31.0 16.7 8.3 5.9 3.7 
75.6 15.0 20.1 30.7 16.6 8.2 5.6 3.8 
74.2 15.7 19.3 30.4 15.6 8.4 5.8 4.1 
74.1 15.7 18.7 30.0 15.2 8.9 5.7 4.4 
74.0 13.0 18.1 29.6 15.2 9.7 5.8 4.8 
73.9 10.0 18.0 29.2 14.7 10.4 5.3 5.1 
73.8 9.9 18.3 28.9 14.0 10.9 5.8 5.4 
73.8 14.1 18.7 28.6 13.2 11.7 5.4 5.6 
73.9 23.2 19.1 28.3 12.3 12.4 4.9 5.7 
74.1 33.8 19.8 28.0 11.0 12.5 4.2 5.9 
74.4 45.4 20.6 27.7 10.4 12.0 3.6 6.1 
66.9 52.5 22.0 27.3 10.0 10.9 3.1 6.4 
61.3 53.8 23.1 27.0 9.7 9.5 2.9 6.8 
59.1 48.3 24.3 26.5 9.7 8.0 2.8 7.3 
54.5 41.5 25.5 26.1 9.8 6.8 2.9 7.8 
47.1 33.9 26.7 25.6 10.0 6.2 2.0 8.1 
29.8 27.4 25.1 10.2 6.1 3.0 
28.7 28.5 24.5 10.2 6.0 3.0 
30.0 24.0 5.7 3.0 » — 
Figure 7. Five day running mean retention time during the period June, 1978, through September, 
1979, for Red Rock Reservoir 
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excellent source of background and corroborative information for the core 
of this investigation (the 10 transect studies), many references will be 
made to these publications. 
Transect Studies 
Chemical analyses 
A total of 1,620 water quality samples were collected during the 
period June, 1978, through September, 1979. Table 5 lists the date of 
each study, the lake elevation at the time of sampling, the maximum, mini­
mum and mean lake depth during each study, the approximate retention time 
for the lake at the time of sampling and the number of samples collected 
during each study. The results of all chemical analyses appear in Baumann 
et al. (1979, 1980). Table 6 lists the results of replicate chlorophyll 
analyses. A brief description of each transect study and the results of 
those studies follows. 
Study number 1 (July 12-14, 1978) The first transect study fol­
lowed a period of heavy rain which fell over the Des Moines River Basin 
just upstream of the reservoir. During the collection period, high winds 
created large waves which caused the reservoir to mix. As a result of 
this mixing, little variation in chemical parameters was seen. Surface 
dissolved oxygen concentrations were quite uniform along a given transect 
while slightly greater variation was noted at various depth stations for 
a given point (a 2.50 mg/1 difference between surface and bottom samples 
existed at point 2 along transect 3A). The greatest variation between sur­
face samples was noted at stations along transect 2A, which required five 
hours to sample. 
Table 5. Sampling date, transect study number and lake conditions at the time of sampling 
Date 
Transect 
study 
number 
Lake 
elevation 
(MSL) Max. 
-Lake depth (ft)-
Min. Mean 
Approximate 
retention 
time 
(days) 
Number 
of 
samples 
JCOI1ected 
July 21-14, 1978 1 730 36 10 9.8 5 138 
July 26-27, 1978 2 728 34 8 9.0 8 130 
August 8-10, 1978 3 728 34 8 9.0 35 130 
August 23, 1978 4 728 34 8 9.0 . 60 130 
September 9, 1978 5 728 34 8 9.0 55 129 
February 9-10, 1979 6 729 34 8 9.0 94 138 
June 6-7, 1979 7 758 66 .39 22.4 20 347 
July 11-12, 1979 8 735 43 16 12.2 9 186 
August 9-10, 1979 9 728 34 8 9.0 8 143 
September 9, 1979 10 728 34 8 9.0 3 149 
Table 6. Means and standard deviations obtained from replicate chlorophyll analyses performed on 
three separate occasions 
Parameter 
Study Sample® Number of Chlorophyll a. Chlorophyll ^ Chlorophyll £ Phesphytin a 
number location replicates (mg/m^) (mg/m^) (mg/m^) (mg/m^) 
X S X s X S X S 
3 lA 5-1 3 29.0 4.6 9.0 1.0 3.0 1.0 2.3 1.5 
2A 2-2 3 17.0 4.7 4.0 1.0 3.0 1.0 5.6 0.6 
3A 2-2 3 26.0 5.3 5.3 1.2 3.3 2.3 13.0 3.6 
3A 3-1 3 29.6 8.1 6.6 2.5 4.3 3.2 6.0 2.7 
3A 5-1 3 44.0 9.2 12.0 2.0 6.0 2.0 11.0 3.0 
4A 2-1 6 47.5 2.2 6.7 1.0 8.8 2.9 29.3 2.8 
4A 3-2 4 43.3 4.7 6.0 2.2 7.0 2.2 20.0 4.2 
5A 2-1 4 130.0 11.5 16.8 1.3 24.8 4.4 39.3 4.7 
4 lA 2-4 5 9.0 0.0 1.0 0.0 1.6 0.6 4.2 0.8 
2A 3-1 5 12.0 1.0 2.2 0.8 5.6 3.9 5.4 0.6 
lA 4-8 5 14.2 0.5 1.8 1.5 4.6 3.1 8.6 2.7 
4A 1-3 5 29.4 0.9 3.8 3.1 7.4 2.7 10.2 3.1 
4A 3-1 7 55.1 1.8 3.9 2.4 10.1 2.6 17.1 5.4 
5A 3-1 5 57.5 7.9 3.8 1.0 9.0 1.4 12.8 2.1 
5A 5-1 10 110.6 6.5 5.6 2.3 17.8 4.0 16.3 5.5 
5 lA 1-1 4 34.3 4.4 1.3 0.5 7.0 2.6 1.0 1.4 
lA 2-9 4 13.8 3.2 2.3 0.5 5.8 3.6 3.5 1.7 
lA 5-6 4 11.0 0.8 2.0 0.8 3.5 1.9 5.3 2.2 
2A 3-1 4 34.0 12.9 19.0 12.3 12.5 2.4 7.5 5.5 
2A 4-8 4 8.3 1.9 4.8 1.9 2.8 2.2 5.8 3.0 
3A 1-2 4 37.0 1.0 3.0 2.7 15.0 2.2 14.7 3.2 
2A 5-2 4 25.3 10.0 12.5 7.9 7.8 2.1 10.0 1.7 
3A 2-2 4 65.8 13.2 4.3 0.6 13.3 2.3 12.0 0.0 
®1A, 2A, 3A, 4A and 5A refer to the five transects. Numbers following this designation refer to 
the sampling points and the depth, respectively, at which the sample was collected. 
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Specific conductance, turbidity and temperature were all fairly uni­
form throughout the reservoir. Turbidity values were very high averaging 
38 NTUs for the entire lake. This greatly reduced light penetration. As 
might be expected under these conditions, chlorophyll concentrations were 
relatively low, ranging from 1 to 13 mg/m . Although slightly higher con­
centrations were observed at transects 3A, 4A and 5A, no significant dif­
ferences existed. Figure 8 depicts the chlorophyll ^concentrations of 
surface samples along each transect. 
Study number 2 (July 26-27, 1978) The second transect study was 
again performed under very windy conditions, however, no precipitation 
preceded this study. Although the reservoir was well-mixed, turbidity 
values near the dam were noticeably less than during the previous study 
with a detectable gradient between transects occurring, resulting in 
higher values at the headwaters region. Dissolved oxygen concentrations 
showed little variation between transects, although significant decreases 
with depth were noted at points located over the thalweg. The water tem­
perature was generally warmer than during the first study and an increase 
in temperature of about 2°C was noted at the upstream transects as compared 
to those near the dam. Chlorophyll concentrations were also slightly 
higher with more variation between transects being noted. The highest con­
centrations were observed along transects 4A and 5A. Figure 9 depicts 
chlorophyll a^ concentrations of surface samples along each transect. 
Study number 3 (August 8-10, 1978) Study number three was pre­
ceded by a week of warm, dry weather causing pH values and dissolved oxy­
gen concentrations to increase at the weekly collection stations (8.63 
and 18.30 mg/1, respectively at Station A). During the transect study, a 
STUDY # 1 
Figure 8. Surface chlorophyll a concentration along five transects on July 12 -14, 1978 
STUDY # 2 
Figure 9. Surface chlorophyll ^  concentrations along five transects on July 26-27, 1978 
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steady wind from the South prevailed. The average turbidity value for the 
entire lake was 12 NTUs, a considerable decrease from the values noted dur­
ing the previous two studies. With the decrease in river discharge noted 
since study number 1, specific conductance values increased significantly. 
This probably was the result of less dilution of groundwater discharge by 
surface runoff. 
Dissolved oxygen concentrations were above saturation levels at al­
most all surface stations and considerable variability was noted both be­
tween points along a given transect and between transects. Also, several 
points located over the thalweg had oxygen concentrations below 4.00 mg/1 
near the bottom of the reservoir. 
Chlorophyll concentrations also were higher throughout the lake. A 
definite trend toward higher concentrations occurring at the upstream 
transects was observed. The average surface chlorophyll ^ concentration 
3 
along transect 5A was 134 mg/m , while the average surface concentration 
3 
along transect lA was 29 mg/m . A similar trend was noted in chlorophyll 
£ concentration. Also, considerably more variability was noted at sta­
tions along the upstream transects as compared to those along transects 
closer to the dam. Figure 10 depicts chlorophyll ^concentrations of sur­
face samples along each transect. 
Study number 4 (August 23, 1978) Study number 4 was preceded by 
warm temperatures and occasional showers. Results of the weekly sampling 
at Station A just prior to the transect study showed high pH values (8.63) 
and dissolved oxygen concentrations (25.5 mg/1). Dissolved oxygen con­
centrations within Red Rock Reservoir were below saturation at most sta­
tions. Little variation was noted between surface stations along a given 
STUDY # 3 
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Figure 10. Surface chlorophyll ^concentrations along five transects on August 8-10, 1978 
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transect. In addition, little change was observed with depth, even at 
points over the thalweg. Specific conductance values and water tempera­
tures were both very uniform throughout the lake and were slightly less 
than during study number 3. Turbidity values were higher with an average 
for the entire lake of 32 NTUs. A significant increase with depth was 
noted at points located over the thalweg. 
Chlorophyll concentrations were generally less than those observed 
during study number 3, with the upstream transects still having higher 
concentrations than those transects near the dam. The average surface 
3 
concentration of chlorophylls ^ and £ at transect lA were 13 and 4 mg/m , 
3 
respectively, while those at transect 5A were 77 and 11 mg/m , respective­
ly. Figure 11 depicts the distribution of chlorophyll a^ at the surface 
stations along each transect. 
Study number 5 (September 9, 1978) Weather conditions during the 
week preceding this study were similar to those preceding study number 4, 
and the river discharge decreased slightly as a result of the lack of pre­
cipitation. The pH values and dissolved oxygen concentrations at Station 
A just prior to sampling were 9.09 and 23.7 mg/1, respectively. These 
values are extremely high, even for the Des Moines River. Dissolved oxy­
gen concentrations within the lake were above saturation at most surface 
stations. Also, considerable variability was noted among stations along a 
given transect, and all depth stations located within the thalweg had oxy­
gen concentrations below 4.00 mg/1. This is in sharp contrast to what was 
observed during study number 4. The highest concentrations were noted 
along transect 5A, which also had the greatest variability between surface 
56 
(S 
s 
57 
stations (a range of 13.8 to 22.6 mg/1). Specific conductance and tur­
bidity values were both lower, with the average for the lake of the latter 
being 13 NTUs. 
Chlorophyll concentrations were again highest at transects 4A and 5A, 
but all surface stations had fairly high concentrations. Figure 12 de­
picts the surface chlorophyll a concentrations along each transect. 
Study number 6 (February 9-10, 1979) For several weeks preceding 
study number 6, a clear ice cover existed over much of the reservoir. 
Just prior to sampling, however, a heavy snowfall greatly reduced light 
penetration through the ice and temperatures turned bitterly cold. As a 
result, man}' dissolved oxygen samples were lost due to the sample bottles 
freezing and breaking, and it was not possible to accurately determine 
water temperatures due to the inescapable wind, resulting in extremely 
cold wind-chill factors. Considerable variability in surface dissolved 
oxygen concentrations between stations along transect 3A was observed. 
The remainder of the lake had fairly uniform concentrations. 
Specific conductance values were much higher than during previous 
studies due to the almost total lack of surface runoff, and turbidity 
values were very low, averaging 2 NTUs for the entire lake. Total phos­
phate concentrations were quite high, averaging near or above 1.00 mg/1 
at all transects. Expecially high concentrations were seen along tran­
sect SA. Chlorophyll concentrations were extremely low with no chloro­
phyll ^concentrations exceeding 4 mg/1. 
Study number 7 (June 5-7, 1979) During the month preceding study 
number 7, heavy rains and greatly increased river flows caused the lake 
STUDY # 5 
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Figure 12. Surface chlorophyll ^  concentrations along five transects on September 9, 1978 
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elevation to increase substantially. The length of the reservoir extended 
well upstream and the depth of the lake increased accordingly (Table 5). 
Several unusual phenomena, for Red Rock Reservoir, were observed during 
this study. First, a definite thermal stratification was noted. The 
thermocline occurred between 9.5 and 11.5 meters of depth, and the de­
crease in water temperature from the surface to the bottom was as much as . 
5°C at many points. These data are depicted graphically in Baumann et al., 
1979. Secondly, turbidity values throughout the lake were extraordinarily 
low for this time of year (2 NTUs), and Secchi depths of 3-4 meters were 
noted near the dam. The only exception to the low turbidity values was at 
point 5 along transect 4A where a density current resulting from White 
Breast Creek entering the reservoir was noted. Finally, a significant 
zooplankton population (primarily oaphnia) was present. 
Dissolved oxygen concentrations were slightly below saturation near 
the surface, dropping rapidly below the thermocline. Total phosphate con­
centrations were uniformly low at stations above the thermocline, while 
increases were noted at stations within the thalweg. Dissolved silica 
concentrations were fairly low, for Red Rock Reservoir, above the thermo­
cline and were much less than those reported by Baumann et al. (1980) at 
upstream river stations during the same time. Concentrations below the 
thermocline were substantially higher. Chlorophyll concentrations were 
low throughout the reservoir except at transect 5A, where slightly higher 
values were reported. 
Study number 8 (July 11-12, 1979) Mild temperatures and occasion­
al showers preceded study number 8. The lake level fell considerably 
from that in study number 7, and water clarity noticeably deteriorated. 
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Dissolved oxygen concentrations remained low at most bottom stations, 
while little variability was noted between surface stations. Most specific 
conductance values were in the range of 575-675 umhos/cm, and thermal 
stratification was not as pronounced as during study number 7. Both total 
phosphate and dissolved silica concentrations were higher with some in­
crease in total phosphate concentrations occurring with depth at points 
located over the thalweg. 
Chlorophyll ^ concentrations were higher than those observed during 
study number 7, with the highest levels occurring at the upstream tran­
sects. Figure 13 depicts the distribution of chlorophyll ^ concentrations 
in surface samples. Chlorophyll £ concentrations were fairly low at all 
stations. 
Study number 9 (August 9-10, 1979) Weather conditions preceding 
study number 9 were very hot and humid. Dissolved oxygen concentrations 
were at or below saturation at most stations, with transect 2A showing the 
greatest variability between surface stations. Temperature and specific 
conductance values were fairly uniform throughout the lake while turbidity 
values were definitely higher at the upstream transects. Total phosphate 
concentrations ranged from 0.59 to 1.33 mg/1, with the highest concentra­
tions occurring at transects 4A and 5A. 
Chlorophyll concentrations showed little variation with depth. The 
highest chlorophyll a concentrations were noted along transects 4A and 5A, 
while chlorophyll c_values were low throughout the lake. Figure 14 de­
picts surface chlorophyll ^ concentrations along each transect. 
STUDY # 8 
1 
ML 
Figure 13. Surface chlorophyll a concentrations along five transects on July 11-12, 1979 
STUDY # 9 
Figure 14. Surface chlorophyll a concentrations along five transects on August 9-10, 1979 
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Study number 10 (September 9, 1979) Warm temperatures and locally 
heavy rain showers occurred just prior to study number 10. Dissolved oxy­
gen concentrations were below saturation at most stations; however, only 
1 depth sample had a concentration less than 4.0 mg/l. The greatest change 
with depth was noted at points over the thalweg. Little variation was 
noted in either water temperature or specific conductance. Turbidity 
values increased from surface values of 14-20 NTUs near the dam to surface 
values of 26-54 NTUs along transects 4A and 5A. Dissolved silica concen­
trations were uniformly high throughout the reservoir. Chlorophyll a and 
c concentrations were fairly uniform throughout the lake, with chlorophyll 
£ values being very low. Figure 15 depicts the distribution of chlorophyll 
a concentrations in surface samples. 
Diatom cell counts 
A total of 325 samples were analyzed for concentration of diatoms. 
The results of these counts are listed in Appendix Tables A-1 through A-8. 
Table 7 lists the results of replicate cell counts performed as part of 
each of the eight transect studies where plankton counts were analyzed. 
Considerable variability was seen between the various transect studies as 
well as between various stations collected during a single transect study. 
In most instances, the highest concentrations were observed in the surface 
samples. As these samples were always collected from the photic zone, 
and, thus, contained cells which were most active metabolically, the re­
sults from these samples were analyzed most thoroughly. 
During studies 1, 2, 6 and 7, all samples contained relatively few 
cells, while at least certain samples taken during studies 3, 4, 5 and 10 
SLUFIÏ # 10 
i 
Figure 15. Surface chlorophyll ^ concentrations along five transects on September 9, 1979 
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Table 7. Replicate cell counts demonstrating variability using separate 
samples from a single location and using a single slide 
Replicate counts 
from a single slide 
X Std. dev. 
(cells/ml) (cells/ml) 
1 3 306 55 3 593 44 
2 4 264 14 3 188 11 
3 3 704 100 3 1386 98 
4 4 1840 231 3 210 8 
5 3 3780 570 3 1726 117 
6 3 118 21 3 110 8 
7 3 10 2 3 432 14 
10 4 438 105 4 2014 75 
Counts made on 
replicate samples 
Transect from a single location 
study X Std. dev. 
number (cells/ml) (cells/ml) 
contained quite high cell counts. Even the highest cell counts (4,000-
5,000 cells/ml) do not approach the phenomenal values (in excess of one 
hundred thousand cells/ml) reported from the Des Moines River by other in­
vestigators. Although high counts were observed within the reservoir dur­
ing the weekly sampling trips (Baumann et al., 1979 and 1980), it was not 
possible to arrange a transect study to coincide with these peak diatom 
occurrences. Table 8 summarizes the results of the counts obtained from 
the surface samples for each transect study. 
In order to determine whether statistically significant differences 
existed between the five transects collected during each study, an analysis 
of variance was performed for each study using the results of the mean sur­
face cell counts for each transect. The results of these analyses appear 
in Tables 9 and 10. From these anlayses, it can be seen that statistically 
Table 8. Mean and standard deviation of surface cell counts along each transect 
Transects 
Study lA 2A 3A 4A 5A 
number X s X s X s X S X S 
1 248 54 149 82 385 98 384 163 221 89 
2 151 65 200 17.3 122 23 219 82 123 37 
3 485 125 345 378 767 99 696 127 3,858 1,457 
4 326 16 153 41 283 121 468 348 1,331 1,129 
5 1,037 343 1,797 612 2,602 1,187 2,213 1,243 2,353 961 
6 30 51 21 13 6 6 28 24 95 31 
7 20 16 21 12 21 10 75 10 367 86 
10 492 87 862 381 1,154 450 1,523 181 1,679 280 
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Table 9. Analysis of variance of surface cell counts along five transects 
Source of 
variation df Sum of squares Mean square F 
Study Number 1 (July 12-14, 1978) 
Among transects 
Within transects 
4 
20 
158,549.36 
305,167.58 
39,637.34 
15,258.38 
2.60 
Total 24 463,716.94 
Study Number 2 (July 26-27, 1978) 
Among transects 
Within transects 
4 
20 
39,909.44 
52,764.40 
9,977.36 
2,638.22 
3.78* 
Total 24 92,673.84 
Study Number 3 (August 8-10 , 1978) 
Among transects 
Within transects 
4 
20 
43,703,681.04 
9,231,280.40 
10,925,920.26 
461,564.02 
23.67** 
Total 24 52,934,961.44 
Study Number 4 (August 23. 1978) 
Among transects 
Within transects 
4 
19 
4,390,470.983 
5,658,692.347 
1,097,617.647 
297,825.913 
3.69* 
Total 23 
* 
Significant, p = 0.05. 
** 
Significant, p = 0.01. 
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Table 10. Analysis of variance of surface cell counts along five transects 
Source of 
variation df Sum of squares Mean square F 
Study number 5 (September 9, 1978) 
Among transects 4 27,981,339.4 6,995,334.85 1.99 
Within transects 20 70,354,835.2 3,517,741.76 
Total 24 
Study number 6 (February 9-10, 1979) 
Among transects 4 23,447.8333 4,861.96 6.48** 
Within transects 19 17,180.0000 904.21 
Error 23 
Study number 7 (June 5-6, 1979) 
Among transects 4 456,227.36 114,056.84 70.64** 
Within transects 20 32,292.80 1,614.64 
Total 24 488,520.16 
Study number 10 (September 9, 1979) 
Among transects 4 4,665,076.06 1,166,269.000 12.48** 
Within transects 20 1,868,418.40 93,420.920 
Total 24 6,533,494.46 
Significant, p = 0.01. 
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significant differences (P = 0.05) existed between the transects during 
studies 2 and 4 and highly significant differences (P = 0.01) existed 
between transects during studies 3, 6, 7, and 10. No significant differ­
ences were observed between transects during studies 1 and 5. 
Looking at the studies where significant differences in average cell 
counts were observed between transects, it was possible to determine wheth­
er differences existed between specific transects using the Duncan's new 
multiple-range test. The results of these analyses are summarized in 
Table 11. During study number 2, transects 4A, 2A, and lA had significant­
ly higher surface cell counts as compared to transects 3A and 5A. During 
studies 3, 4, 6, and 7, transect 5A had significantly higher cell counts 
than all other transects. During study number 10, a gradual trend toward 
lower cell counts at the downstream transects was observed, and each suc­
ceeding downstream transect had significantly lower cell counts than the 
one upstream. 
There appears to be a trend towards the loss of cells between tran­
sects 5A and 4A. This might be expected as the^ rate of river flow, and 
thus, its capacity to retain suspended material, decreases in the head­
waters region. The majority of the sedimentation which has occurred since 
construction has been in this region as can be seen from the sedimentation 
profiles depicted in Baumann et al. (1979). Cell counts performed at Sta­
tion A immediately preceding studies 5 and 7 yielded 10,000 and 900 cells/ 
ml, respectively. Thus, during study number 5, an ever greater rate of 
sedimentation was occurring just upstream of transect 5A. 
One might expect the influence of sedimentation to be most profound 
during periods of long retention times. The transect studies conducted 
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Table 11. Summary of the results of the Duncan's new multiple-range test 
performed on transect mean surface cell counts 
Study #2 (July 26-27, 1978) 
3A 5A lA 2A 4A 
122 123 200 219 
Study #3 (August 8-10, 1978) 
2L Jâ. M. JL JL 
345 485 696 7^ 3858 
Study #4 (August 23, 1978) 
IL . M. JA. JA. JL 
153 283 326 ^ 1331 
Study #6 (Sept. 9, 1978) 
3A 2A 4A lA 5A 
_6 21 28 ^ 95 
Study #7 (June 5-7, 1979) 
lA 23. M âA  ^
20 21 21 7^ 367 
Study #10 (Sept. 9, 1979) 
lA 2A 3A 4A 5A 
492 862 1154 1523 1697 
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when retention times were the longest were 3, 4, 5, 6, and 7. Thus, while 
long retention times may have accentuated the loss of cells during studies 
3, 4, 6, and 7, study number 5 showed no significant loss of cells, al­
though having a long retention. Also, study number 10 showed a definite 
trend toward lower counts near the dam, but had a very short retention 
time. Thus, other factors seem to be involved. 
Another factor to consider during study number 7 was the affect of 
grazing on the phytoplankton population. Immediately preceding that study, 
high chlorophyll ^ concentrations and cell counts were observed upstream of 
and within the reservoir. Also, this was a time when a very obvious zoo-
plankton was observed. It is felt that the most significant factor causing 
the rapid decline in phytoplankton numbers during this period was zooplank-
ton grazing. 
Phytoplankton size distribution 
Because samples collected during transect study number 5 showed by far 
the highest cell counts, a closer examination of the dominant organisms 
present in these samples was made. In all samples collected during this 
period cgcioteiia meneghiniana comprised no less than 50% of the total dia­
tom counts. It was also noted that the average size of the cells (cell 
diameter) tended to increase towards the dam. Table 12 lists the mean cell 
diameters observed at transects lA, 2A, 3A, 4A, 5A, and Station A as well 
as the distribution of diameters. Figure 16 shows the frequency distribu­
tion of cell diameters at each location. 
The settling of nonmotile particles, both inorganic materials and 
plankton organisms, is well-documented. Most studies conclude that large 
Table 12. The cell diameter (um) distribution for Cycioteiia meneghini-
ana Kutz at six locations within Red Rock Reservoir, September 
9, 1978 
Station 
or 
transect 
Cell diameter (um)— 
5 6 7 8 9 10 11 12 13 14 15 
lA 0 11 2 9 20 33 43 50 39 54 61 
2A 0 0 7 1 5 22 28 26 29 44 29 
3A 13 10 10 7 12 19 37 32 40 41 36 
4A 20 35 20 16 20 27 45 38 30 62 49 
5A 27 51 79 68 42 23 35 20 23 35 31 
Station 
n 7 25 34 33 18 15 17 7 6 6 2 
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Cell diameter (ym) Mean cell 
diameter 
16 17 18 19 20 21 22 23 24 Total (pm) 
58 43 40 15 11 8 2 1 0 500 14.04 
43 34 23 5 1 3 0 0 0 300 14.12 
56 30 23 14 8 5 5 2 0 400 13.50 
64 25 17 6 12 9 4 1 0 500 12.94 
42 27 26 16 15 25 10 4 1 600 11.79 
210 10.37 
Figure 16. The cell diameter (vim) distribution for cycioteiia meneghiniana Kiitz at six locations 
within Red Rock Reservoir on September 9, 1978 
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particles settle more rapidly than small particles given similar densities 
(Camp, 1973; Smayda, 1970). The results of this study, however, indicate 
that small diameter cells dominated the water column in the upper reaches 
of the reservoir while larger diameter cells were most abundant near the 
dam. 
A possible explanation for this anomaly is that the cells in the upper 
reaches of the reservoir were physiologically healthy, actively dividing 
cells, while those near the dam were quiescent, possibly with large quanti­
ties of accumulated storage products (oil) making them more buoyant. Thus, 
the larger cells would remain suspended due to their physiological state. 
Another possibility is that differential zooplankton grazing could have re­
sulted in a decrease in the number of smaller diameter cells near the dam. 
This will be discussed in more detail in the Results section. 
Species composition 
During each of the transect studies, the percentage that each diatom 
taxon comprised of the total diatom count was calculated for surface sam­
ples which had at least 100 cells/ml. It was felt that at least 100 cells 
had to be counted in order to obtain an accurate estimate of the percentage 
that each taxon comprised. The results of these anlayses are listed in 
Appendix Tables B-1 through B-8. 
From the results of the six transect studies where species composition 
data were collected (studies number 6 and 7 had only a few samples with 
more than 100 cells/ml; thus, no trends were evident) several observations 
can be made. First, relatively few taxa were identified during any one 
study. This may be partially due to the fact that several of the taxonomic 
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groups encountered contained individuals which are traditionally difficult 
to identify with any degree of certainty. Rather than arbitrarily assign­
ing names to these individuals, they were grouped under their appropriate 
genera. Most taxonomic problems arose in identifying species of Cycioteiia 
and stephanodiscus. Secondly, many cells encountered were not true plank-
ters (euplankton), but were obviously "washed" into the reservoir from up­
stream river areas (tychoplankton). No attanpt was made to record the 
abundance of these taxa individually, as their occurrence was purely casual. 
All taxa of a given genus were recorded together. It can also be seen that 
a few taxa often comprised a very large percentage of total cell count. 
During study number 1, four taxa comprised the majority of the total 
cell count; these were Cyclotella meneghiniana, Melosira aidhigua, M. granu-
lata, and M. granuiata var. angustissima. Figure 17 depicts the relative 
percentages of each of these taxa at each of the five transects. Of these 
four taxa, m. granuiata was most abundant at transects 5A, 4A, and 2A, 
while a more equal distribution of all four taxa was seen at transects lA 
and 3A. It should be noted, however, that these taxa combined comprised 
less than 75% of the total cell count at every transect. Other groups or 
taxa which were relatively abundant include: cycioteiia spp., mvicuia 
spp., Nitzschia spp., Stephanodiscus astraea, S. astraea var. mlnatula and 
Stephanodiscus spp. 
During study number 2, three taxa dominated most samples; these were 
Cyclotella meneghiniana, Melosira ambigua and M. granuiata var. angustis­
sima (Figure 18). Near the dam, M. granuiata var. angustissima comprised 
by far the majority of the total count, while at transects 4A and 5A, n. 
ambigua and Cyclotella meneghiniana were more prominent. Once again, these 
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Figure 17. Relative percent composition of four taxa, July 12-14, 1978 
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Figure 18. Relative percent composition of three taxa, July 25-27, 1978 
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dominant taxa comprised less than 70% of the total cell count at every 
transect. Other groups or taxa which were relatively abundant include: 
Cyclotella spp., Melosira. granalata, Nitzschia spp., Stepbanodiscas astraea, 
S. astraea var. mxnutula, Stepbanodiscas spp. , and Synedra ulna. 
During study number 3, four taxa comprised the majority of the total 
cell counts; these were Cyclotella menegbiniana., Melosira aisbigua, H. 
granuiata and M. granuiata var. angustissima (Figure 19). Near the dam 
(transect lA) these four taxa were present in approximately equal propor­
tions. At each successive upstream transect, however, Cyclotella menegbi­
niana comprised a larger proportion of the total count, while the remaining 
taxa decreased in abundance. Along transect 5A, Cyclotella menegbiniana 
composed over 80% of the total cell count, while the combined cell count of 
M. ambigua, M. granuiata and M. granuiata var. angustissima composed about 
5%. Another taxon which was relatively abundant was stepbanodiscus astraea 
var. minutuia. This taxon was also most abundant near the dam. Finally, 
it should be noted that individuals of the genus Nitzscbia were recorded 
from 21 of the 25 surface samples. 
Study number 4 was characterized by samples which contained approxi­
mately equal proportions of cyclotella menegbinianay Melosira granuiata and 
M. ambigua (Figure 20). Cyclotella menegbiniana was more abundant at the 
upstream transects; however, it is difficult to detect any definite trends. 
The only taxon present in significant numbers was stepbanodiscus astraea 
var. minutula. 
Samples collected during study number 5 were almost totally dominated 
by a single taxon, cyclotella menegbiniana (Figure 21). This was particu­
larly true at transects 4A and 5A where it comprised 74% and 80%, 
Figure 19. Relative percent composition of four taxa, August 8-10, 1978 
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respectively. As part of the weekly sampling routine, a plankton sample 
was collected at Station A and c. meneghiniana. composed over 90% of the 
total diatom count. An obvious trend of increased relative abundance of 
c. meneghiniana is seen at the upstream transects while the only other 
taxa to comprise more than 10% of the total count were Meiosira ambigua (at 
transects lA and 2A) and m. granuiata (at transect 3A). 
Samples collected as part of studies 6 and 7 rarely had sufficient 
cell concentrations to accurately determine the percent composition. Dur­
ing study number 6, five samples had more than 100 cells/ml. The surface 
sample at point 5 taken along transect lA was dominated by Nitzschia spp. 
and Cyclotella laeneghiniana while samples 1, 2, 4, and 5 from transect 5A 
were almost totally dominated by c. meneghiniana. During study number 7, 
all samples collected along transect 5A had sufficient cell concentrations 
to determine percent composition. This study was particularly interesting 
because it was the only time that Asterioneiia formosa was present other 
than as a minor fraction of the total count. Along transect 5A, A. formosa 
averaged over 22% of the total count. The only taxon present in greater 
numbers was Meiosira granuiata var. angustissima. 
Study number 10 was dominated by a single taxon, Meiosira granuiata 
var. angustissima (Figure 22). The relative abundance of this taxon ap­
peared to decrease slightly towards the upstream transects, although it is 
difficult to distinguish a clear trend. Samples collected at Stations 7 
and A as part of the weekly sampling also contained M. granuiata var. angus­
tissima as the dominant taxon. Four other taxa comprised between 5% and 10% 
of the total cell count in most samples; these were Cyclotella meneghinianay 
Meiosira ambigua, M. granuiata, and Stephanodiscus astraea var. minutula. 
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Figure 22. Relative percent composition of neioslra granuiata var. angus-
tissiraa (Ehr.) Ralfs, September 9, 1979 
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Relationship between chlorophyll and cell counts 
Although both cell counts and chlorophyll ^concentrations were rela­
tively low during several of the transect studies, as compared to some of 
the values obtained during weekly collections (Baumann et al., 1979, 1980), 
it was possible to establish a relationship between these two parameters. 
Looking at Figures 23-29, a positive relationship is seen to exist in all 
cases, as might be expected. Upon closer examination, however, two dis­
tinct phenomena appear. During the summer transect studies (numbers 1, 2, 
and 3), relatively low cell counts accompanied quite high chlorophyll ^ 
concentrations. During the spring and fall studies (numbers 5, 7, and 10), 
relatively high cell counts accompanied only moderately high chlorophyll 
^ concentrations. 
These results indicate that during the summer, diatoms did not com­
prise a major portion of the total phytoplankton (as estimated by chloro­
phyll ^ concentrations). That is to say the number of diatoms per unit 
amount of chlorophyll ^ was low. During the spring and fall, however, dia­
toms comprised a significantly greater proportion of the total phytoplank­
ton, or the number of diatoms per unit amount of chlorophyll a^ was greater. 
The same phenomena can be demonstrated using chlorophyll £ concentra­
tions to estimate diatom cell counts. This is possible as a positive rela­
tionship can be demonstrated between diatom cell counts and chlorophyll £ 
concentrations (Figures 30-32). Figures 33-35 show that during study 
number 3, when diatoms probably did not comprise a large proportion of the 
total phytoplankton, high chlorophyll £ concentrations were obtained de­
spite the relatively low chlorophyll £ concentrations. In contrast, dur­
ing study number 5, when diatoms did comprise a significant proportion of 
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Figure 23. Surface diatom cell counts versus surface chlorophyll ^  con­
centrations (July 12-14, 1978) 
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Figure 24. Surface diatom cell counts versus surface chlorophyll ^  concen­
trations, July 26-27, 1978 
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Figure 25. Surface diatom cell counts versus surface chlorophyll ^ concen­
trations, August 8-10, 1978 
Figure 26. Surface diatom cell counts versus surface chlorophyll a concen­
trations, August 8-10, 1978 
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Figure 27. Surface diatom cell counts versus surface chlorophyll a^  con­
centrations, September 9, 1978 
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Figure 28. Surface diatom cell counts versus surface chlorophyll ^  con­
centrations, June 5-7, 1979 
Figure 29. Surface diatom cell counts versus surface chlorophyll ^ concen­
trations, September 9, 1979 
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Figure 30. Surface diatom cell counts versus surface chlorophyll £ con­
centrations, August 8-10, 1978 
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Figure 31. Surface diatom cell counts versus surface chlorophyll £ con­
centrations, August 23, 1978 
Figure 32. Surface diatom cell counts versus surface chlorophyll ç concen­
trations, September 9, 1978 
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Figure 33. Surface chlorophyll ^  versus surface chlorophyll £, August 
8-10, 1978 
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Figure 34. Surface chlorophyll a versus surface chlorophyll c, September 
9, 1978 
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the total phytoplankton, relatively high chlorophyll £ concentrations were 
obtained in comparison to chlorophyll ^concentrations. This relationship 
is important for two reasons. First, by knowing the relationship between 
chlorophyll ^ and chlorophyll £ concentrations, one can speculate on the 
importance of diatoms at any given time. For instance, during study number 
8, cell counts were not performed, but from Figure 33 it can be seen that 
relatively high chlorophyll ^ concentrations were obtained while chloro­
phyll £ concentrations were low. This indicates diatoms probably did not 
comprise a large proportion of the surface plankton. Also, by knowing that 
very high total phytoplankton counts usually occur in the Des Moines River 
when diatoms are present in high numbers (Figure 4), one can assume that 
diatoms and total phytoplankton were not present in high concentrations 
during study number 8. 
Weekly Water Quality Data 
Weekly water quality correlation matrix 
Using the weekly water quality data collected at Stations 7, A, B 
and 8, it was possible to construct a correlation matrix for each station, 
establishing the joint relationships between several parameters which were 
felt to be most important in predicting algal standing crop. These param­
eters include: chlorophyll a, chlorophyll £, ammonia nitrogen, nitrite 
plus nitrate nitrogen, orthophosphate, total phosphate and dissolved sili­
ca. The results are listed in Tables 13-16. 
Using chlorophylls and £ as a measure of phytoplankton standing 
crop, it is possible to estimate what portion of the total variation in 
phytoplankton concentrations is due to the concentrations of various 
Table 13. Correlation matrix of weekly data collected at Station 7 , June, 1978 - September , 1979 
Chlorophyll 
a 
Chlorophyll 
c 
0
 
0
 
Total 
PO4 NOg & NO3 NH3 - N 
Dissolved 
SiOg 
Chlorophyll a 1.00 
Chlorophyll ç 0.55 
52 
1.00 
Ortho-PO^ 
** 
-0.49 
51 
** 
-0.37 
51 
1.00 
Total PO^ -0.22 
52 
0.40** 
52 
0.12 
54 
1.00 
NO" & NO3 - N 0.12 
52 
-0.024 
52 
-0.26 
54 
-0.49** 
55 
1.00 
NH3 - N -0.42** 
52 
-0.20 
52 
0.84** 
54 
0.37** 
55 
** 
-0.46 
55 
1.00 
Dissolved SiOg -0.29* 
52 
** 
-0.55 
52 
* 
0.27 
52 
-0.25 
53 
0.14 
53 
-0.13 
53 
1.00 
* 
Significant, p = 0.05. 
** 
Significant, p = 0.01. 
Table 14. Correlation matrix of weekly data collected at Station A, June, 1978 - September, 1979 
Chlorophyll 
i 
Chlorophyll 0
 
M
 0 Total NO 
PO4 
2 & NO3 - N NHo - N Dissolved 
SlOg 
Chlorophyll ^ 1.00 
Chlorophyll c 
** 
0.68 
52 
1.00 
Ortho-POg 
** 
-0.52 
46 
** 
-0.56 
63 
1.00 
Total - PO^ 
** 
-0.49 
47 
** 
-0.34 
64 
** 
0.49 
64 
1.00 
NOg & NO3 - N 
* 
0.33 
47 
-0.26* 
64 
-0.047 
64 
-0.16 
65 
1.00 
NH3 - N 
** 
-0.56 
47 
** 
-0.33 
64 
* 
0.75 
64 
0.52** 
65 
** 
-0.43 
65 
1.00 
Dissolved SiOg -0.17 
47 
** 
-0.69 
64 
0.56** 
64 
0.37** 
65 
0.46** 
65 
0.059 1.00 
65 
*Sigm'ficant, P = 0.05. 
Significant, P - 0.01. 
Table 15. Correlation matrix of weekly data collected at Station B, June, 1978 - September, 1979 
Chlorophyll 
a 
Chlorophyll 
X 
Ortho Total 
NO 2 & NO" - N NH3 - N 
Dissolved 
Si02 
Chlorophyll a 1.00 
Chlorophyll ç 0.55 
40 
1.00 
Ortho-POg -0.29 
35 
-0.25 
52 
1.00 
Total PO^ -0.31 
35 
-0.11 
52 
0.84** 
53 
1.00 
NOg & NO3 - N 0.22 
35 
0.079 
52 
-0.024 
53 
-0.14 
53 
1.00 
NH3 - N -0.52** 
35 
-0.29* 
52 
0.67** 
53 
0.62** 
53 
0.36** 
53 
1.00 
Dissolved SiOg -0.012 
35 
-0.33* 
52 
0.56** 
53 
0.53** 
53 
0.35** 
53 
0.036 
53 
1.00 
^significant, p = 0.05. 
** 
Significant, p = 0.01. 
Table 16, Correlation matrix of weekly data collected at Station 8, June, 1978 - September, 1979 
Chlorophyll 
à 
Chlorophyll 
Ç 
Ortho Total NOg & NO3 - N NHo - N Dissolved 
SiOg 
Chlorophyll ^ 1.00 
Chlorophyll c^ 0.63** 
41 
1.00 
Ortho-PO^ -0.14 
40 
-0.23 
40 
1.00 
Total PO^ -0.12 
41 
-0.27 
41 
** 
0.81 
54 
1.00 
NOg & NO3 - N -0.097 
40 
-0.091 
40 
0.15 
61 
0.036 
54 
1.00 
NH3 - N 
_ _ ** 
-0.64 
40 
* 
-0.31 
40 
** 
0.38 
61 
0.25 
54 
-0.044 
62 
1.00 
Dissolved SiOg 0.090 
41 
-0.27 
41 
•kit 
0.56 
53 
•kit 
0.62 
53 
0.21 
53 
-0.19 1.00 
53 
Significant, p = 0.05. 
** 
Significant, p = 0.01. 
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individual nutrients. At Station 7, which is a river station, a signifi­
cant (p = 0.01) negative correlation existed between chlorophyll ^ and 
orthophosphate, chlorophyll a and ammonia nitrogen, chlorophyll £ and 
orthophosphate, and chlorophyll £ and dissolved silica, while a signifi­
cant (p = 0.01) positive correlation existed between chlorophyll £ and 
total phosphate. The best correlation at Station 7 was between chlorophyll 
£ and dissolved silica (r = -0.55), which accounts for only 30% of the 
observed variation in chlorophyll £. Thus, other factors appear to be im­
portant in determining phytoplankton growth. 
At Station A, located in the headwaters regions, a significant (p = 
0.01) negative correlation existed between chlorophyll ^ and orthophos­
phate, chlorophyll a and total phosphate, chlorophyll ^ and ammonia nitro­
gen, chlorophyll £ and orthophosphate, chlorophyll £ and total phosphate, 
chlorophyll £ and ammonia nitrogen and chlorophyll £ and dissolved silica. 
Although no single nutrient appears to account for more than 50% of the 
total variation in chlorophyll concentrations, more nutrients showed sig­
nificant correlations with chlorophyll and, in general, a greater percent­
age of the total variation in chlorophyll concentration was due to individ­
ual nutrient concentrations. This may be a reflection of the fact that 
Station A consistently had the highest chlorophyll concentrations of any 
collection station (Figures C-16 through C-18), and these phytoplankton 
are at least partially responsible for the lower nutrient concentrations 
observed at the downstream stations. 
At Stations B and 8, located mid-way through the reservoir and im­
mediately upstream of the dam, respectively, the only highly significant 
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(p = 0.01) correlation observed was between chlorophyll a^and ammonia 
nitrogen. At both stations, the majority of the variation in chlorophyll 
a was due to factors other than nutrient availability. 
Ill 
DISCUSSION 
Diatom Dominance in the Des Moines River 
From observations made during this study and from the results of pre­
vious investigators (see the Literature Review section), it is evident 
that diatoms are almost always numerically the most important phytoplank-
ton growth form in Red Rock Reservoir. The obvious question, then, is why 
is this the case, when so many other midwestern lakes and reservoirs ex­
perience nuisance blooms of blue-green algae quite regularly. This in­
vestigator feels that three factors are most important in limiting the 
growth of blue-green algae in the Des Moines River and Red Rock Reservoir. 
These are chemical inhibition, short water retention times, and interspe­
cific competition. 
Patrick, Crum, and Coles (1969) demonstrated that blue-green algal 
growth is inhibited by manganese concentrations in the range of 0.02 mg/l -
0.043 mg/l in natural streams and 0.04 mg/l - 0.28 mg/l in laboratory ex­
periments. Manganese concentrations were monitored on a weekly basis as 
part of this study, from June, 1978, through October, 1979, at Stations A 
and B, and from October, 1978, through October, 1979, at Stations 7, WBC, 
and 8. During this time, the average manganese concentrations at Stations 
7, A, B, WBC and 8 were 0.27 mg/l, 0.25 mg/l, 0.16 mg/l, 0.26 mg/l and 
0.11 mg/l, respectively. At no time did the concentration fall below 
0.01 mg/l. During the summer months (June, July and August) when blue-
green algae normally are reported to grow quite profusely in eutrophic 
rivers and lakes, a concentration less than 0.04 mg/l was recorded only 
once at Stations B and 8. The average summer manganese concentrations for 
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these stations were 0.26 mg/1, 0.34 mg/1, 0.19 mg/1, 0.37 mg/1 and 0.20 
mg/l, respectively. 
It can be seen that not only were the long-term mean manganese con­
centrations within the range reported to be inhibitory to blue-green algae, 
but the mean summer concentrations, in most cases, were considerably high­
er. It would appear that the potential for manganese inhibition of blue-
green algal growth certainly exists. Sources of the manganese are probably 
the numerous abandoned coal mines located along the Des Moines River 
throughout the study area (Beckert, 1978, unpublished research data). 
During high flow periods, surface runoff is adequate to dilute the concen­
tration of manganese in the Des Moines River to quite low levels (0.01 
mg/1 - 0.02 mg/1); however, during periods of normal summer river flows, 
ground water additions, and perhaps local surface runoff (from the vicinity 
of the mines), maintains quite high concentrations in the river. 
A second contributing factor which may prevent blue-green algae from 
reaching sizable proportions in the Red Rock Reservoir is relatively short 
water retention time. It has been shown that blue-green algae display a 
competitive advantage via the formation of pseudovacuoles, thus enabling 
them to remain in suspension while other algae are settling out (Knoechel 
and Kalff, 1975). This adaptation is most beneficial under quiescent, 
lake-like conditions arising from long retention times. Normally the re­
tention time of water within Red Rock Reservoir is quite low, however, es­
pecially during the summer. During the summers of 1978 and 1979, the 
average theoretical water retention times were approximately 16 days and 
10 days, respectively. It must be kept in mind that these are theoretical 
values. The actual retention times may be significantly less than this 
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(Thornton, 1980). It is felt that even though nutrient concentrations may 
favor blue-green algal growth (low dissolved silica and nitrogen concen­
trations) for short periods during the summer, insufficient residence time 
within the reservoir prevents the more bouyant blue-green algae from form­
ing a population. This is particularly true as no concentrated 'seed' of 
blue-green algae is normally present in the major tributaries to the reser­
voir (the Des Moines River and White Breast Creek). 
The third factor which is felt to limit the growth of blue-green al­
gae is competition from diatoms. Blue-green algae are known to grow quite 
well at temperatures in the range of 20-40°C, and are capable of out com­
peting other algal forms at the higher temperatures (Patrick, Crum, and 
Coles, 1969; Fogg, 1969; Brock and Brock, 1960). According to Baumann et 
al. (1981), the water temperature of the Des Moines River and Red Rock 
Reservoir rarely exceeds 28-30°C. Thus, blue-green algae realize little 
competitive advantage in the Des Moines River based solely on water tem­
perature. Also, it is well-known that blue-green algae are capable of fix­
ing atmospheric nitrogen when concentrations of ammonia and nitrate nitro­
gen are low, and that blue-green algae do not have the same dissolved 
silica requirement as diatoms do. This ability to grow, when nutrients 
required by its competitors are absent, gives blue-green algae a distinct 
advantage. In the Des Moines River and Red Rock Reservoir, concentrations 
of these essential nutrients rarely fall to levels which would severely 
limit diatom growth. This is primarily due to mixing of the reservoir and 
to the relatively rapid replenishment of nutrient depleted reservoir water 
via inflowing river water. This is evident from the weekly sampling data 
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which show that, while silica and nitrogen concentrations fell to poten­
tially limîting levels for short periods (1-2 weeks), rapid replenishment 
usually occurred. 
It is possible that other mechanisms are at work in limiting blue-
green growth in Red Rock Reservoir. Also, it is possible that in the 
future, blue-green algae might increase in significance in Red Rock Reser­
voir. Factors which might promote a blue-green algal bloom would include 
differential zooplankton grazing, fungal parasitism of diatoms or inter­
specific biological poisoning. Keating (1978), for instance, has shown 
that allelopathic substances can lead to blue-green algal inhibition of 
diatom growth. While there is no evidence of the latter occurring in Red 
Rock Reservoir, given the proper environmental and nutrient conditions, 
blue-green nuisance blooms are possible. This topic will be discussed 
further in a later section. 
Effect of Water Retention Time 
From the results of the weekly collections, it is apparent that, dur­
ing June-December, 1978, a positive relationship existed between average 
water retention time and phytoplankton standing crop (as estimated by 
chlorophyll ^concentrations). A similar, though less strong, relation­
ship was observed during the summer of 1979. During the winter and spring 
of 1979, however, average water retention times were quite high (in excess 
of 90 days and 30 days, respectively), yet during much of this period 
chlorophyll ^ concentrations were among the lowest observed during the en­
tire study period. 
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One can conclude from this that, in general, increased water reten­
tion times tend to result in higher phytoplankton populations. This is 
most likely due to: 1) increased water clarity, 2) increased incubation 
time, and 3) a reduced mixing zone. Comparing weekly turbidity values with 
average water retention times, one sees a positive relationship. The long­
er water remains in the impoundment the longer suspended materials have to 
fall out of suspension. The resulting increased water clarity increases 
the depth of the euphotic zone, thereby providing a greater volume of 
water for phytoplankton growth. 
When short water retention times exist (one to several days), phyto­
plankton may be 'flushed through' the reservoir before any population 
growth can occur. The decline in cell numbers during these periods is 
thus due to the loss of cells through discharge from the reservoir with 
little or no replenishment via new cell production. Retention times on 
the order of two to three weeks seem to allow adequate time for at least 
minimal cell production, often exceeding the loss of cells through sedi­
mentation and loss due to flow through the reservoir. 
The third possible effect of increased retention times is the estab­
lishment of thermal stratification (as was the case during study number 7). 
This situation may be enhanced if the lake elevation increases simultane­
ously. Under uniform mixing conditions, surface water can readily mix with 
water from greater depths; thus, temporarily at least, removing phytoplank­
ton from the euphotic zone. When a thermocline is established, the mixing 
zone is effectively reduced, thereby reducing the volume of water to which 
phytoplankton may be transported. This not only 'concentrates' existing 
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phytoplankton cells in a smaller volume of water, it also allows the cells 
to remain in the euphotic zone a greater proportion of the time, thus fa­
cilitating photosynthesis. The fact that thermal stratification has been 
demonstrated when the lake level remains above elevation 728 MSL for 
extended periods, should be considered when contemplating future increases 
in the conservation pool elevation. 
While all of these phenomena were observed at some time during the 
study period, and while increased phytoplankton production often did re­
sult, other factors may at times be more important than retention time. 
These would include light availability (beneath ice cover), nutrient 
availability, phytoplankton prédation (resulting from both zooplankton 
grazing and fungal parasitism) and loss of cells via sedimentation. 
Diatom Abundance 
During the study period, phytoplankton concentrations were generally 
low compared to results of previous investigators. Two major reasons for 
this are proposed; first the nature of the flows during the study period, 
and second the coincidence of transect sampling times with periods un­
favorable for algal growth. 
The average monthly Des Moines River discharge near the city of Des 
Moines for the period 1971-1979 has been calculated by Baumann et al. 
(1981). These data may be used to estimate the long-term average flow 
entering Red Rock Reservoir. From these data, one can see that, during 
the period June, 1978 - September, 1979, the average monthly discharge 
exceeded the long-term average, as calculated by Baumann et al., during 
eight of the 16 months. In addition, all of the transect studies were 
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conducted during months which had above average flows, except studies 6 
and 7. The results of most investigations of river ecosystems indicate 
that high flows are not conducive to phytoplankton production. In fact, 
high flows, with resultant turbid water, usually yield some of the lowest 
cell counts, while low to moderate flow conditions usually result in con­
siderably higher cell counts. In light of the fact that eight of the 10 
transect studies were performed under sub-optimal hydrologie conditions, 
it is not surprising that cell counts were less than what was expected at 
the onset of the investigation. 
The second factor which contributed to rather low phytoplankton con­
centrations was the occurrence of unusual conditions preceeding studies 6 
and 7. In December of 1978 and January of 1979, the ice cover on Red Rock 
Reservoir was very thick (approximately 30 inches), but sufficiently clear 
to permit phytoplankton growth. During this period, chlorophyll ^ concen-
3 trations in excess of 30 mg/m were observed at Station 8. Immediately 
preceding study number 6, however, an unusually heavy snowfall resulted in 
the accumulation of 8 to 10 inches of additional snow which effectively 
eliminated light penetration through the ice. By the time transect study 
number 6 was performed, chlorophyll ^ concentrations had dropped to less 
than 5 mg/m throughout the reservoir. It is obvious that the precipitous 
fall in chlorophyll concentrations was due to light limitations resulting 
from snow and ice cover. 
Prior to transect study number 7, chlorophyll a_ concentrations were 
140 mg/m^, 71 mg/mf, 83 mg/m^ and 48 mg/m^ at Stations 7, A, B and S, re­
spectively. Approximately two weeks prior to transect study 7, zooplankton 
were noted in the reservoir. Concentrations of zooplankton seemed to peak 
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and drop suddenly, and by the time study number 7 was performed, chloro-
3 phyll £ concentrations were less than 15 mg/m at all transect sampling 
points. This increase in the zooplankton population, while demonstrating 
the potential significance of grazing in Red Rock Reservoir, unfortunately 
precluded the collection of a concentrated phytoplankton population under 
unusual, lake-like conditions. 
Inherent in any 'sampling program' is the probability that the sam­
ples collected will not be entirely representative of conditions which 
exist at other times. During this investigation, each transect study was 
performed under conditions which were suboptimal in terms of phytoplank­
ton growth. This undoubtedly had an impact on phytoplankton concentration, 
and perhaps distribution, species composition and nutrient response. 
Diatom Distribution 
Of the eight studies during which phytoplankton samples were taken, 
6 showed significant longitudinal differences between transects (studies 
2, 3, 4, 6, 7 and 10). During study number 1, cell counts ranged from an 
average of 149 cells/ml along transect 2A to 385 cells/ml along transect 
4A. As mentioned previously, study number 1 followed a period of heavy 
rain and the average retention time was about seven days. Evidence indi­
cating that the reservoir was mixing includes the results of temperature, 
turbidity and specific conductance measurements which were uniform through­
out the reservoir. While four taxa comprised the majority of the total 
planktonic diatom population, approximately 20 to 25 percent of the total 
population consisted of taxa not normally considered to be truly plank­
tonic (mainly species of Nitzschia and mvxcuia). These taxa were 
119 
undoubtedly benthic forms which were suspended at upstream river locations 
as a result of scouring of the bottom sediments and were carried into the 
reservoir with the turbulent river flow. The fact that nearly 25 percent 
of the total phytoplankton population was composed of these forms is a re­
flection of the river-like condition of the reservoir during this study. 
Study number 5 also showed little longitudinal variation between tran­
sects in terras of phytoplankton numbers. Results of chemical analyses, 
however, indicate that significant differences existed in the dissolved 
oxygen concentrations, turbidity values, temperatures and chlorophyll con­
centrations noted at the headwaters region and those closer to the dam. 
The variation in chemical parameters may be a reflection of the species 
composition noted at each transect and the physiological condition of the 
cells at each transect. Normally, pheophytin ^ concentrations were quite 
low in most samples. During transect study number 5, however, pheophytin 
£ concentrations in samples collected along transects 4A and 5A were un­
usually high. This indicates that the cells near the headwater region 
were in poor condition, physiologically. It also means that chlorophyll a 
concentrations were over-estimated in these samples. During this time, 
Cycioteiia. menegbiniana comprised approximately 60 percent of the total 
diatom phytoplankton at transect lA, 80 percent at transect 5A and ap­
proximately 90 percent at Station A. Cyclotella menegbiniana» thus, was 
the dominant growth form in the reservoir; however, it was proportionally 
more abundant in the headwater region. In addition, the median cell 
diameter was shifted toward the small side at the upstream sampling sites. 
Soballe (1981, unpublished) looked at primary productivity within Red Rock 
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Reservoir. He saw no significant differences in productivity per unit 
chlorophyll a (uncorrected for pheophytih between samples taken from 
the headwaters region and samples taken near the dam. However, he did see 
generally higher net productivity and chlorophyll a concentrations [uncor­
rected for pheophytin in the headwaters region. It appears that the 
cells in the headwaters region may be physiologically different from those 
near the dam. Two pieces of information point toward this conclusion. 
First, higher primary productivity estimates were noted in the headwaters 
region, while no statistical difference in cell concentrations was ob­
served between samples taken from the headwater region and those taken near 
the dam. Second, pheophytin ^  concentrations were much higher in the 
headwater region as compared to concentrations observed near the dam. It 
is also possible that chlorophyll (and pheophytin) not associated with 
diatoms was present in the headwater region and that this became diluted 
as it entered the conservation pool. The observed cell size distribution 
pattern may be the result of differential zooplankton grazing near the dam, 
although no significant zooplankton population was noted during this study. 
Of the 6 transect studies which showed significant differences in 
average total cell counts between transects, all had the highest average 
cell counts along either transect 4A or 5A. In studies 7 and 10, average 
counts were progressively higher as one moved from the dam toward the head­
water region. This tendency indicates that sedimentation plays a very im­
portant role in plankton distribution within Red Rock Reservoir. The find­
ings of several other authors support this conclusion (Soballe, 1981, un­
published; Sherman, 1977; Johnson, 1974). 
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Other factors also appear to have an effect on phytoplankton distri­
bution. Zooplankton grazing has already been mentioned as. a stgntfi'cant 
factor in regulating diatom growth. Soballe (1981, unpublished) found the 
abundance of zooplankton within the pool of Red Rock Reservoir to be 
greater than that near the river inlet. McGrath (1973) reported similar 
results in his study of planktonic Copepoda and Cladocera distribution in 
Red Rock Reservoir. Asch (1971) not only reported higher zooplankton con­
centrations near the dam, he also found that zooplankton first appeared in 
this region and tended to exist there for the longest period of time. 
Thus, under certain conditions, zooplankton grazing may be important in 
determining phytoplankton distribution. 
A third possible cause of the phytoplankton distribution patterns 
noted, is nutrient availability. From the correlation matrix constructed 
from the data gathered at the weekly sampling stations, it was seen that 
significant correlations existed between numerous chemical parameters and 
chlorophyll ^ and £ at the upstream stations. Within the conservation pool 
of Red Rock Reservoir, significant correlations existed between ammonia 
nitrogen and chlorophyll c. It would appear that nutrient availability 
generally is important in explaining phytoplankton distribution. Of 
special interest are those isolated instances when phytoplankton growth re­
duces nutrient concentrations to practically undetectable levels. This 
was seen on two occasions; prior to study 5 and to study 7. In both cases, 
dissolved silica, ammonia nitrogen, nitrite plus nitrate nigrogen and 
orthophosphate concentrations were affected. During this period, N:P 
ratios were very high (>50), while normally values are less than 20. The 
situation in September, 1978, was alleviated when increased river flow 
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resulting from heavy rains, replenished the nutrient depleted reservoir 
water. In June, 1979, zooplankton grazing served to severely reduce the 
diatom population size, and disruption of the thermally stratified condi­
tions resulting from increased discharge from the.hypolimnion allowed 
cycling of the nutrient depleted surface water with nutrient rich bottom 
water. 
In either case, if conditions had gone unchecked, it is possible that 
a shift away from a diatom dominated phytoplankton toward a green or blue-
green dominated flora could have occurred. This might depend upon ambient 
manganese concentrations; however, it would seem that longer retention 
times and increased pool elevations (accompanied by thermal stratification) 
could lead to situations where a less desirable algal flora might tem­
porarily become established within Red Rock Reservoir. 
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SUMMARY AND CONCLUSIONS 
Diatoms often are the dominant planktonic growth form in the Des 
Moines River and Red Rock Reservoir. The possibility that this may 
be the result of chemical inhibition of blue-green algae by high con­
centrations of manganese should be investigated further. 
Normally, the water retention time of Red Rock Reservoir is quite 
short (approximately two to three weeks). Even this estimate may be 
too high as 'short-circuiting' of the normal flow patterns has been 
demonstrated during storm events. 
Given present management practices, the two major factors which appear 
to determine diatom growth and distribution are retention time and 
sedimentation. Other factors which can be important, in the short 
term, include light availability, zooplankton grazing and nutrient 
availability and thermal stratification. 
Normally, Red Rock Reservoir is well-mixed due to advective currents 
and wind action. Longitudinal gradients in both chemical and bio­
logical parameters are seen to exist from the headwater region to the 
dam. Occasionally, strong thermal stratification can develop and 
under certain circumstances White Breast Creek can impact water quali­
ty within the conservation pool. 
During periods of calm weather and/or when the pool elevation remains 
high for extended periods, it is possible for thermal stratification 
to become established. This could lead to a shift from a diatom domi­
nated plankton to a green or blue-green dominated plankton. In fact. 
124 
this situation did develop on Saylorville Reservoir during the summer 
of 1980 (Baumann et al., 1981). 
Definite temporal and spacial differences existed in both diatom num­
bers and species composition. 
During the majority of the sampling period, cell counts were highest 
in the headwater region and lowest near the dam. During two of the 
transect studies, no significant differences in cell counts were 
noted between transects. 
Dominant diatom taxa noted during the study period included cycioteiia 
laeneghiniaiia., Melosira granalata., M. granulata var. angustissiwa, M. 
ambigua, Stephanodiscus astraea, S. astraea var. minutula and Astezio-
nella formosa. 
The only dominant diatom taxon to be limited to a single occurrence 
was Asterioneiia formosa. Conditions during the time when this taxon 
was prevalent included low nutrient concentrations, above average 
water clarity and normal spring-time water temperatures. 
Longitudinal differences in species composition were most evident. 
Cycioteiia menegbiniana appeared most dominant in the headwater region 
during August and September, 1978, while m. granulata var. angustis-
sima was dominant during September, 1979. In general, neiosia spp. 
tended to be dominant during periods when the water retention time 
was short and turbulent flow existed in the reservoir. 
Prior to permanently raising the conservation pool of Red Rock Res­
ervoir, consideration should be given to the implications such a 
change might have on retention time, stratification and phytoplank-
ton composition. 
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Table A-1. Total diatom count (cells/ml). Red Rock Reservoir, July 12-14, 
1978 
Stations 
Depth 1 2 3 4 5 
Transect lA 
1 180 234 218 310 295 
3 96 — — 132 — 
5 42 —— —— —— —— 
 ^ " rm — — — — 
Transect 2A 
1 150 50 242 216 88 
3 172 —- — — — 
5 100 —— — — — 
7  8 2  — —  —  —  — —  — —  
Transect 3A 
1 306* 526 278 418 396 
5 420 — — — — 
Transect 4A 
1 244 436 402 592^ 264 
3 392 —— —— —— —— 
Transect 5A 
1 118 162 216 270 342 
^Average of three replicate counts using separate samples, 
^Average of three replicate counts using a single slide. 
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Table A—2. Total diatom count (cells/ml). Red Rock Reservoir, July 26-27, 
1978 
o Ua Ul Uiib 
Depth 1 2 3 4 5 
Transect lA 
1 126 140 128 100 264® 
3 — — 116 
5 —— 50 
7 33 
Transect 2A 
1 198 172 218 202 212 
3 368 - — 
5 50 
7 18 — — 
Transect 3A 
1 132 154 120 94 108 
3 110 — — 
5 128 — — 
Transect 4A 
1 218 350 210 196 120 
3 40 
Transect 5A 
1 118 102 98 106 188 
^Average of 4 replicate counts using separate samples. 
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Table A-3. Total diatom count (cells/ml). Red Rock Reservoir, August 8-10, 
1978 
Station 
Depth 1 2 3 4 5 
Transect lA 
1 435 396 704® 420 470 
3 —— — 390 —— —— 
5 —— " 110 —— —— 
Transect 2A 
1 1012 122 240 248 105 
3 318 — — — — 
Transect 3A 
1 738 710 668 800 922 
3 222 —— —— —— —— 
5 286 —— —— —— 
Transect 4A 
1 886 608 596 622 770 
3 544 — — — — 
Transect 5A 
1 1386^ 4660 5126 3900 4216 
^Average of 3 replicate counts using separate samples. 
^Average of 3 replicate counts using a single slide. 
141 
Table A-4. Total diatom count (cells/ml). Red Rock Reservoir, August 23, 
1978 
Stations 
Depth 1 2 3 4 5 
Transect lA 
1 316 340 306 328 342 
3 — — 308 — — 
5 — — 110 — —— 
7 — — 172 — — 
Transect 2A 
1 112 122 180 210 ® 140 
3 — — — 102 — 
5 —— —— —— 118 —— 
Transect 3A 
1 — 360 242 400 132 
3 192 — — — — 
Transect 4A 
1 228 522 978 418 94 
3 —— —— 902 —— —— 
Transect 5A 
1 818 448 470 1840^ 3080 
3 — — 260 — 2044 
^Average of 3 replicate counts using a single slide. 
^Average of 4 replicate counts using separate samples. 
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Table A-5. Total diatom count (cells/ml), 
9, 1978 
Red Rock Reservoir, September 
Stations 
Depth 1 2 3 4 5 
Transect lA 
1 1066 1508 825 1178 610 
3 938 744 
5 974 670 — —  996 788 
7 380 
Transect 2A 
1 1384 2830 1810 1430 1444 
3 — —  600 1250 — —  1566 
5 770 470 
7 
9 —  —  216 
Transect 3A 
1 1500 2302 3924 3780* 1506 
3 1303 2104 1392 
5 — —  1216 1354 
7 
9 290 
Transect 4A 
1 4064 2880 1262 1726^ 1134 
3 2684 — —  
5 —  —  —  —  1436 
Transect 5A 
1 1948 3640 4422 2880 3876 
3 - - 2788 4015 
^Average of 3 replicate counts using separate samples. 
^Average of 3 replicate counts using a single slide. 
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Table A-6. Total diatom cell count (cells/ml). Red Rock Reservoir, 
February 9-10, 1979 
Depth 1 2 
Ota LiUlO 
3 4 5 
Transect lA 
1 0 8 0 22 120 
3 
5 —  —  10 130 
7 54 
Transect 2A 
1 28 36 8 12 
3 
5 —  —  10 
7 — —  
Transect 3A 
1 14 6 0 10 0 
3 0 — 
5 0 — 
Transect 4A 
1 30 14 68 16 10 
3 —  - 20 
5 — —  0 — 
Transect 5A 
1 96 118® 42 110^ 110 
3 - - — —  18 
Average of 3 replicate counts using separate samples. 
Average of 3 replicate counts using a single slide. 
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Table A-7. Total diatom cell count (cells/ml). Red 
5-7, 1979 
Rock Reservoir, June 
oudu1ons 
Depth 12 3 4 5 
Transect lA 
1 30 10^ 0 18 40 
3 — —  38 
5 — —  — —  16 
7 — —  — —  0 
9 —  —  — —  80 
Transect 2A 
1 12 12 40 18 22 
3 0 — — — 
5 — 
7 0 — — — 
Transect 3A 
1 25 12 14 20 35 
3 — — — — 10 
5 — — — — 28 
7 — — — — 12 
Transect 4A 
1 56 82 70 90 68 
3 — — — 48 60 
5 — — — 46 84 
7 — — — — 40 
Transect 5A 
1 300 420 250 432^ 434 
3 210 — 102 
5 180 — 70 
^Average of 3 replicate counts using separate samples. 
^Average of 3 replicate counts using a single slide. 
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Table A-8. Total diatom count (cells/ml). Red Rock Reservoir, September 
9, 1979 
Depth 1 2 
otau iun:> 
3 4 5 
Transect lA 
1 520 424 438^ 634 448 
3 935 996 2062 902 
5 1161 1364 1381 2283 
7 1340 —  - 1501 1496 
9 — -
11 —  -
Transect 2A 
1 888 742 1452 396 836 
3 869 
5 1331 
7 —  —  
Transect 3A 
1 896 1358 1438 1486 1090 
3 980 -- 1496 1428 1500 
5 1388 —  —  1272 730 
7 1208 
Transect 4A 
1 1380 1469 1625 1787 1355 
3 1183 1694 1671 1809 1304 
5 782 594 718 890 688 
7 — —  —  —  548 
Transect 5A 
1 1752 1254 2014b 1598 1776 
3 1012 562 916 596 490 
^Average of 4 replicate counts using separate samples. 
^Average of 4 replicate counts using a single slide. 
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APPENDIX B: PERCENT DISTRIBUTION 
OF DIATOM CELL COUNTS 
Table B-1. Percentage which eachtaxoncomprised of the total cell count 
at the five surface sampling points along each transect, July 
12-14, 1978 
Taxon and critical 
Transect lA 
Points 
Transect 2A 
Points 
rererence 1 2 3 4 5 1 2 3 4 5 
Achnanthes spp. <1 2 0 0 0 0 0 0 0 0 
Amphoxa Spp. 0 0 0 0 0 0 0 0 0 0 
Asterionella formosa Hassall 
H. 1930; P&R 1966 
0 0 0 0 0 0 0 0 0 0 
Cosclnodlscus xothii (Ehr.) 
Grun. 
H, 1839 
0 0 0 0 0 0 0 0 0 0 
Cyclotella meneghiniana Kutz. 
H. 1930 
14 4 15 7 13 9 7 10 6 9 
c. s-teiiigexa (Cleve. and Grun.) 
V.H. 
H. 1930; L. 1975 
0 0 0 0 0 0 0 0 0 0 
c. spp. R. 1970 11 3 2 7 5 0 2 1 0 1 
Epithemia turgida (Ehr.) 
Ralfs H. 1930 
0 0 0 0 0 0 2 0 0 0 
Gomphonema Spp. 0 0 0 0 0 0 0 0 0 0 
Gyxosigma Spp. 0 0 0 0 0 0 0 0 0 0 
Meloslxa ambigua (Grun.) Mull. 
H. 1930 
15 27 40 31 13 2 4 0 0 0 
M. gxanulata (Ehr.) Ralfs 
H. 1930 
23 21 . 0 22 29 17 13 16 54 65 
M. gxanulata var. angustlssima 
Mull. 
H. 1930 
10 9 21 12 8 22 34 15 23 0 
M. vaxians C.A. Ag. 
H. 1930; C. 1978 
0 12 
C. 1978 indicates Crawford, 1978; H. 1930 indicates Hustedt, 1930; 
L. 1975 indicates Lowe, 1975; P&R 1966 indicates Patrick and Reimer, 
1966; P&R 1975 indicates Patrick and Reimer, 1975; R. 1970 indicates Round 
1970. 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0 0 0 <1 0 0 <1 0 0 0 1 2 0 <1 1 
0 0 0 0 0 2 0 3 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 3 6 11 3 5 18 5 3 6 13 11 3 8 5 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 1 3 1 2 7 4 3 3 1 2 0 3 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 2 0 3 1 2 0 0 0 0 1 
0 0 0 0 0 0 <1 0 0 0 0 0 0 0 0 
0 0 0 0 10 0 16 0 3 5 5 0 21 8 0 
18 56 30 25 7 50 34 21 19 49 41 66 56 58 45 
42 17 47 26 43 7 8 8 6 6 4 5 0 9 11 
0 0 0 0 1  0 0 0 0 0  1 0 0 <1 3 
Table B-1. continued 
Taxon and critical 
reference^ 1 
Transect lA 
Points 
2  3 . 4  5 1 
Transect 2A 
Points 
2 3 4 5 
Navicula Spp. 4 4 <1 10 0 8 13 18 0 4 
Nitzschia Spp. 5 15 2 4 10 24 14 32 6 4 
Pizmulaxia sp. 0 0 0 0 0 0 0 0 0 0 
Bhopolodia sp. 0 0 0 0 0 0 0 0 0 0 
Stephanodiscus astraea 
(Ehr.) Grun. 
H. 1930 
7 5 4 3 13 8 6 G 0 0 
s. astraea var. mlnutula 
(Kutz.) Grun. 
H. 1930 
7 8 15 1 7 5 3 7 0 4 
s. niagarae Ehr. 
S. 1877 
0 0 0 0 0 0 0 0 0 0 
S. spp. R. 1970 2 0 0 3 1 5 4 0 6 0 
Surirella spp. 0 0 0 0 0 0 0 0 0 1 
Synedra ulna (NitZ.) Ehr. 
P&R 1966 
2 2 <1 0 1 0 0 0 0 0 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5  1 2 - 3 4 5  1 2 3 4 5  
7 4 1 3 4 8 <1 9 5 1 7 4 0 3 9 
14 0 1 20 18 15 2 30 51 13 8 0 7 5 13 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 2 1 0 1 1 5 2 3 2 0 5 4 0 
10 10 11 8 9 6 12 8 7 11 9 6 8 5 3 
0 0 0 0 0 
0 9 12 4 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
2 0 <1 0 0 
0 0 1 0 <1 
0 0 0 0 0 
10 4 0 6 
CO 
0 0 0 0 0 
0 0 0 0 0 
Table B-2. Percentage which eachtaxon comprised of the total cell count 
at the five surface sampling points along each transect, 
July 26-27, 1978 
taxon and critical 
reference 1 
Transect lA 
Poi nts 
2 3 4 5. 1 
Transect 2A 
Points 
2 3 4 5 
Acbnanthes s p p .  0 0 0 0 0 0 0 2 0 <1 
Smphora. S p p .  0 0 0 0 0 0 0 0 0 0 
Asterionella formosa Hassal1 
H. 1930; P&R 1966 
0 0 0 0 0 0 0 0 0 0 
Coscinodiscus rothii 
(Ehr.) Grun. 
H. 1930 
0 0 0 0 0 0 0 0 0 0 
Cyclotella meneghiniana Kutz. 
H. 1930 
23 13 11 12 17 21 23 10 20 16 
c. steiiigexa (Cleve. and Grun.) 
V.H. . 
H. 1930; L. 1975 
0 0 0 0 0 0 0 0 0 0 
c. spp. R. 1970 3 1 2 1 4 0 2 6 1 3 
Epithemia turgida (Ehr.) KutZ. 
P&R 1975 
0 0 0 0 0 0 0 0 0 0 
Gomphonema S p p .  0 0 0 0 0 1 0 0 0 0 
Gyrosigma spp. 0 0 0 0 <1 0 0 0 1 0 
Melosira ainbigua (Grun.) Mull. 
H. 1930 
7 15 26 12 10 4 7 11 10 13 
N. granulata (Ehr.) Ralfs 
H. 1930 
8 6 2 8 11 2 6 9 7 10 
M. granulata var. angustissima 
Mull. 
H. 1930 
41 29 32 37 38 37 25 32 21 49 
M. varians C.A. Ag. 
H. 1930; C. 1978 
0 0 0 0 0 0 0 0 0 0 
C. 1978 indicates Crawford, 1978; H. 1930 indicates Hustedt, 1930; 
L. 1975 indicates Lowe, 1975; P&R 1966 indicates Patrick and Reimer, 1966; 
P&R 1975 indicates Patrick and Reimer, 1975; R. 1970 indicates Round, 
1970. 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  
0 0 0 -- 0 <1 0 0 <1 0 3 5 — 3 0 
0 0 0 -- 0 0 <1 0 0 0 3 0 — 0 0 
0 0 0 -- 0 0 0 0 0 0 0 0 — 0 0 
0 0 0 -- 0 0 0 0 0 0 0 0 — 0 0 
19 10 13 -- 21 19 27 17 20 24 17 10 — 28 37 
0 0 0 -- 0 0 0 0 0 0 0 0 — 0 0 
3 11 7 -- 2 15 2 7 6 10 1 2 — 0 3 
0 0 0 -- 0 0 0 0 0 0 0 0 — 0 1 
0 0 0 -- 0 0 0 0 0 0 0 0 — 0 0 
0 0 0 -- 0 0 1 0 1 0 0 3 00 0 1 
25 23 18 -- 28 28 17 27 26 16 31 35 — 22 20 
6 10 8 -- 2 7 12 6 8 6 6 8 — 13 5 
30 27 32 -- 28 5 8 15 5 7 15 17 — 6 3 
0 0 0 -- 0 0 0 0 0 0 0 0 — 0 0 
Table B-2. continued 
Taxon and critical 
reference 1 
Transect lA 
Points 
2 3 4 5 1 
Transect 2A 
Points 
2 3 4 5 
•Navicula. spp. G 0 0 0 <1 1 2 2 13 0 
Nitzschia spp. <1 3 G 2 1 7 6 8 9 <1 
Pinnularia sp. 0 G 0 0 0 0 0 0 3 G 
Rhopolodia sp. G 0 0 0 0 0 0 G 0 G 
Stephanodiscus astraea 
(Ehr.) Grun. 
H. 1930 
6 7 4 6 3 3 3 2 6 3 
s. astraea var. lainutula 
(Kutz.) Grun. 
H. 1930 
2 15 11 20 6 10 7 3 2 1 
s. niagarae Ehr. 
S. 1877 
0 G 0 0 0 0 0 0 3 G 
s. spp. R. 1970 8 10 9 4 7 12 19 10 7 5 
Surirella spp. G G 0 G G 0 0 0 <1 0 
Synedra ulna (NitZ.) Ehr. 
P&R 1966 
1 <1 2 <1 2 2 <1 5 2 G 
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Transect 3A 
Points 
1 2 3 4 5 
<1 0 0 — 0 
3 2 2 —4 
0  0  0  — 0  
0  0  0  — 0  
3 6 10 — 1 
4 5 7 00 3 
0  0  0  — 0  
7 6 3 —2 
0  0  0  — —  0  
0 <1 0 — 0 
Transect 4A 
Points 
1 2 3 4 5 
0  0  1 3  2  
2 12 2 7 6 
0 0 0 0 0 
0 0 0 0 <1 
8 9 7 8 9 
2 3 13 6 10 
0 0 0 0 0 
8 12 5 7 8 
0 0 0 0 0 
6 8 <1 3 2 
Transect 5A 
Poi nts 
1 2 3 4 5 
2  5 — 6 0  
4  5 — 3 6  
< 1 0 — 3 3  
0 0 — 3 
7  3 — 3 6  
6  4 — 6 2  
0  0 — 0 0  
3  3 — 6 1  
0  0 — 0 6  
1 0 — <1 3 
Table B-3. Precentage which each taxon comprised of the total cell count 
at the five surface sampling points along each transect, 
August 8-10, 1978 
Taxon and critical 
reference 
1 
Transect lA 
Points 
2 3 4 5 1 
Transect 2A 
Points 
2 3 4 5 
Acbnanthes spp. 0 .0 0 0 0 0 0 0 0 0 
Smphora Spp. 0 0 0 0 0 0 0 0 0 0 
Asterionella forxaosa Hassall 
H. 1930; P&R 1966 
0 0 0 0 0 0 0 0 0 0 
Coscinodiscus rothii 
(Ehr.) Grun. 
H. 1930 
0 0 0 0 0 0 0 0 0 0 
Cyclotella ineneghiniana KutZ. 
H. 1930 
21 16 12 25 27 37 41 38 16 50 
C. stelligera (Cleve. and 
Grun.) V.H. 
H. 1930; L. 1975 
0 0 0 0 0 0 0 0 0 0 
c. spp. R. 1970 9 6 2 6 3 1 <1 7 4 2 
Epithemia turgida (Ehr.) KutZ. 
P&R 1975 
0 0 0 0 0 0 0 0 0 0 
Gompbonema spp. 0 0 0 0 0 0 0 0 0 0 
Gyrosigma spp. 0 0 0 0 0 0 0 0 0 0 
Melosira ambigua (Grun.) 
Mull. 
H. 1930 
15 20 16 23 17 21 8 13 20 12 
M. granulata (Ehr.) RalfS 
H. 1930 
14 12 13 20 17 15 14 20 9 8 
M. granulata var. angustissiina 
Mull. 
H. 1930 
20 29 22 17 16 19 20 18 30 5 
M. variana C.A. Ag. 
H. 1930; C. 1978 
0 0 0 0 0 0 0 0 0 0 
C. 1978 indicates Crawford, 1978; H. 1930 indicates Hustedt, 1930; 
L. 1975 indicates Lowe, 1975; P&R 1966 indicates Patrick and Reimer, 1966; 
P&R 1975 indicates Patrick and Reimer, 1975; R. 1970 indicates Round, 
1970. 
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Transect SA Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0 0 0 0 0 0 0 G G G G G 0 G G 
0 0 0 0 0 0 0 G 0 0 0 G G G G 
0 0 0 0 0 0 0 G G 0 G G G G 0 
0 0 0 0 0 G 0 G G 0 G G 0 0 G 
35 27 52 84 70 76 78 61 71 66 72 90 78 88 91 
0 0 0 0 0 0 0 G G G G G G G G 
10 2 7 3 1 2 0 5 2 3 <1 <1 3 1 1 
0 0 0 0 0 0 0 G G G G G G G G 
0 0 0 0 0 0 0 0 G G G G G G G 
0 0 0 0 0 G 0 G G <1 G G G 0 0 
15 10 6 2 5 8 5 7 3 5 3 2 2 5 2 
11 16 8 2 12 2 5 6 1 6 8 1 2 1 1 
9 13 12 3 8 1 6 10 2 2 2 1 1 1 1 
0 0 0 0 0 0 0 0 G G G G G G G 
Table B-3. Continued 
Taxon and critical 
reference^ 
1 
Transect lA 
Poi nts 
2 3 4 5 1 
Transect 2A 
Poi nts 
2 3 4 5 
Navicala S pp. 0 0 0 0 <1 0 <1 <1 0 0 
Nitzschia Spp. 5 <1 4 <1 2 <1 1 1 0 0 
Piimularia Sp. 0 0 0 0 0 0 0 0 0 0 
Rhopolodia Sp. 0 0 0 0 0 0 0 0 0 0 
Stephanodiscus astraea 
(Ehr.) Grun. 
H. 1930 
0 2 6 I 1 <1 1 1 <1 <1 
S. astraea var. minutula 
(Kutz.) Grun. 
H. 1930 
10 8 14 4 5 5 12 10 14 16 
S. niagarae Ehr. 
S. 1877 
0 0 0 0 0 0 0 0 0 0 
s. spp. R. 1970 2 7 9 2 3 2 3 2 4 7 
Surirella spp. 0 0 0 0 0 0 0 0 0 0 
Synedra ulna (NitZ.) Ehr. 4 <1 2 2 9 <1 0 0 2 0 
P&R 1966 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0 0 <1 0 <1 0 1 <1 0 0 1 0 1 0 0 
1 8 0 <1 1 5 2 0 4 10 1 3 <1 1 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 1 0 <1 0 0 0 7 1 8 0 2 <1 0 
8 12 11 2 1 
0 0 0 0 0 
9 4 2 3 1 
0 0 0 0 0 
1 5 <1 0 1 
2 2 7 10 3 
0 0 0 0 0 
2 0 4 <1 2 
0  1 0  0  0  
2  1 0  0  2  
3 0 7 1 1 
0 0 0 0 0 
0 0 3 0 0 
0 0 0 0 0 
< 1 3  1 2  1  
Table B-4. Percentage which each taxon comprised of the total cell count 
at the five surface sampling points along each transect, 
August 23, 1978 
Taxon and critical 
reference^ 
1 
Transect lA 
Points 
2 3 4 5 1 
Transect 2A 
Points 
2 3 4 5 
Jkcbnanthes spp. 0 0 0 0 0 0 0 0 0 0 
Amphora Spp. 0 0 0 0 0 1 0 0 0 0 
Asterionella formosa Hassall 
H. 1930; P&R 1966 
0 0 0 0 0 0 0 0 0 0 
Coscinodiscus rothii 
(Ehr.) Grun. 
H. 1930 
0 0 0 0 0 0 0 0 0 0 
Cyclotella meneghiniana Kutz. 
H. 1930 
10 17 15 7 12 25 21 27 35 31 
C. stelligera (CI eve. and 
Grun.) V.H. 
H. 1930; L. 1975 
0 0 0 0 0 0 0 0 0 0 
c. spp. R. 1970 1 0 3 5 4 3 11 10 2 0 
Epithemia turgidia 
(Ehr.) Kutz. 
P&R 1975 
0 0 0 0 0 0 0 0 0 0 
Gomphonema spp. 0 0 0 0 0 0 0 0 0 0 
Gyrosigma spp. 0 3 0 0 0 0 0 0 0 0 
Melosira ambigaa 
(Grun.) Mull. 
H. 1930 
55 48 43 30 29 28 41 27 23 20 
M. granulata (Ehr.) RalfS 
H. 1930 
30 24 20 22 17 22 11 10 21 31 
M. granulata var. angustissima 
Mull. 
H. 1930 
0 0 0 <1 0 <1 0 1 2 4 
M. varians C.A. Ag. 
H. 1930; C. 1978 
0 0 0 0 0 0 0 0 0 0 
C. 1978 indicates Crawford, 1978; H. 1930 indicates Hustedt, 1930; 
L. 1975 indicates Lowe, 1975; P&R 1966 indicates Patrick and Reimer, 1966; 
P&R 1975 indicates Patrick and Reimer, 19751 R. 1970 indicates Round, 
1970. 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 10 21 15 8 21 51 32 6 28 14 25 50 71 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 2 13 7 2 8 5 7 0 2 6 2 6 4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 <1 0 0 0 0 0 0 0 0 1 <1 
35 44 18 35 42 29 15 23 71 30 19 21 7 8 
46 27 31 20 14 18 5 10 18 14 21 31 3 0 
6 5 7 9 11 2 0 15 3 1 4 0 0 1 
—  0  0  0  0  0 0 0 0  < 1  0 0 0 0 0 
Table B-4. Continued 
Taxon and critical 
reference^ 
1 
Transect lA 
Points 
2 3 4 5 1 
Transect 2A 
Points 
2 3 4 5 
Navicula Spp. 0 0 0 0 2 0 0 0 2 <1 
Nitzschia spp. 0 0 0 <1 8 <1 0 0 2 2 
Pinnularia sp. 0 0 0 0 0 0 0 0 0 0 
Rhopolodia sp. 0 0 0 0 0 0 0 0 0 0 
Stephanodiscus astraea 
(Ehr.) Grun. 
H. 1930 
0 0 <1 2 3 3 2 14 6 8 
s. astraea var. minutula 
(Kutz.) Grun. 
H. 1930 
2 4 8 12 16 13 10 9 7 0 
s. niagarae Ehr. 
S. 1877 
0 0 0 0 0 0 0 0 0 0 
S. spp. R. 1970 2 4 11 20 10 5 4 2 < cl 2 
Surirella spp. 0 0 0 0 0 0 0 0 0 2 
Sgnedra ulna (NitZ.) Ehr. 
P&R 1966 
0 0 0 <1 0 0 <1 0 0 0 
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Transect 3A 
Poi nts 
1 2 3 4 5 
—  0 1 0 0  
—  0 3 1 0  
— —  0  0  0  0  
— —  0  0  0  0  
— 0 0 <1 0 
- 0 5 2 1 
— 0 0 0 0 
-- 0 3 7 II 
0 0 0 0 
— 0 <1 0 2 
Transect 4A 
Poi nts 
1 2 3 4 5 
0  1 2  0  0  
0 19 12 4 0 
0 0 0 0 0 
0 0 0 0 0 
1 3 0 0 0 
8 8 2 2 0 
0 0 0 0 0 
14 1 8 7 3 
0 0 0 0 0 
0 0 0 <1 0 
Transect 5A 
Points 
1 2 3 4 5 
0 <1 0 1 0 
13 22 11 18 11 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 <1 1 
10 5 6 9 1 
0 0 0 0 0 
2 8 1 4 <1 
0  0  1 1 0  
0 1 0 1 <1 
Table B-5. Percentage which each.taxon comprised of the total cell count 
at the five surface sampling points along each transect, 
September 9, 1978 
Taxon and critical 
reference® 
1 
Transect lA 
Points 
2 3 4 5 1 
Transect 2A 
Points 
2 3 4 5 
Acbnanthes Spp. 0 0 0 0 0 0 0 0 0 0 
Amphora, spp. 0 <1 0 0 0 <1 0 0 0 0 
âsterlonella foxnaosa Hassall 
H. 1930; P&R 1966 
0 0 0 0 0 0 0 0 0 0 
Coscinodiscus rothii 
(Ehr.) Grun. 
H. 1930 
0 0 0 0 0 0 0 0 0 0 
Cyclotella meneghiniana KutZ. 
H. 1930 
64 61 74 49 52 67 74 64 69 51 
C. stelligera (.Cleve. and 
Grun.) V.H. 
H. 1930; L. 1975 
0 0 0 0 0 0 0 0 0 0 
c. spp. R. 1970 5 0 2 2 3 2 0 0 0 2 
Epithemia turgida 
(Ehr.) Kutz. P&R 1975 
0 0 0 0 0 0 0 0 0 0 
Gomphonema Spp. 0 0 0 0 0 0 0 0 0 0 
Gyxosigma Spp. 0 0 0 0 0 0 <1 0 0 0 
Melosira ainbigaa 
(Grun.) Mull 
H. 1930 
15 15 3 25 13 13 6 12 10 25 
M. granulata (Ehr.) Ralfs 
H. 1930 
5 5 4 10 8 4 10 11 6 14 
Af. granulata var. angustissima 
Mull. 
H. 1930 
4 6 4 9 11 5 7 8 2 6 
M. varians C.A. Ag. 
H. 1930; C. 1978 
0 0 0 0 0 0 0 0 0 0 
C. 1978 indicates Crawford, 1978; H. 1930 indicates Hustedt, 1930; 
L. 1975 indicates Lowe, 1975; P&R 1966 indicates Patrick and Reimer, 1966; 
P&R 1975 indicates Patrick and Reimer, 1974; R. 1970 indicates Round, 
1970. 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
0 0 0 0 0 0 0 0 0 0 <1 0 <1 0 0 
0 0 0 0 0 0 0 0 0 0 <1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  
62 68 58 74 73 71 79 73 67 81 79 75 89 77 83 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 2 0 4 1 5 4 6 0 0 1 0 <1 4 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 2 8 4 8 4 0 2 4 3 3 2 1 2 1 
6 8 20 7 10 5 5 4 9 3 3 4 <1 3 2 
9 4 7 6 6 6 5 6 11 6 2 2 1 2 2 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table B-5. continued 
Taxon and critical 
reference^ 1 
Transect 
Points 
2 3 
lA 
4 5 1 
Transect 2A 
Poi nts 
2 3 4 5 
Navicula spp. 0 <1 0 0 <1 1 1 0 0 0 
Nitzschia Spp. 0 0 1 0 <1 0 1 0 <1 0 
Piimularia sp. 0 0 0 0 0 0 0 0 0 0 
Bhopolodia sp. 0 0 0 0 0 0 0 0 0 0 
Stephanodiscus astraea 
(Ehr.) Grun. 
H. 1930 
4 4 7 3 3 5 0 2 4 0 
s. astraea Var. minutula 
(Kutz.) Grun. 
H. 1930 
3 6 3 2 7 2 0 2 5 2 
s. niagarae Ehr. 
S. 1877 
0 0 0 0 0 0 0 0 0 0 
s. spp. R. 1970 0 0 2 0 1 <1 0 0 2 0 
Surirella Spp. 0 0 0 0 0 0 0 0 0 0 
Synedra ulna (NitZ.) Ehr. 
P&R 1966 
0 0 0 0 1 0 <1 1 0 0 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  
0 <1 0 0 0 
1 <1 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
1 5  2  1 1  
9 8 2 4 1 
0  0  1 0  0  
2 2 2 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 <1 0 
1 0 2 2 1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 2 0 
5 7 7 3 5 
1 0 0 0 0 
1 0 0 <1 0 
0 0 0 0 0 
1 0 0 0 1 
0 <1 0 0 3 
1 2 <1 <1 <1 
0 0 0 0 0 
0 0 0 0 0 
< 1 2  0  1 2  
8 11 8 7 6 
0 0 0 0 0 
1 1 <1 3 <1 
0 0 0 0 0 
0 0 <1 <1 0 
Table B-6. Percentage which each taxon comprised of the total cell count 
at the five surface sampling points along each transect, 
February 9-10, 1978 
Taxon and critical 
reference^ 
Transect lA 
Points 
1  2  3  4 . 5  
Transect 2A 
Points 
1 2 3 4 5 
Achnanthes spp. 0 
Amphora Spp. — — — — <1 
Asterionella formosa HaSSall 
H. 1930; P&R 1966 
— — — — 0 
Coscinodiscus rothii 
(Ehr.) Grun. 
H. 1930 
— — — — 0 
Cyclotella meneghinlana KutZ. 
H. 1930 
— — — — 35 
C. stelligera (CI eve. and 
Grun.) V.H. 
H. 1930; L. 1975 
— — — — 0 
c. spp. R. 1970 — — — — 2 
Epithemia turgida 
(Ehr.) Kutz. 
P&R 1975 
— — — — 0 
Gomphonema spp. — — — — 0 
Gyrosigma Spp. — — — — 0 
Melosira ambigua (Grun.) 
Mull. 
H. 1930 
— — — — 0 
M. granulata (Ehr.) Ralfs 
H. 1930 
— — — — 0 
M. granulata var. angustissima 
Mull. 
H. 1930 
0 
M. varians C.A. Ag. 
H. 1930; C. 1978 
— — — — 0 
C. 1978 indicates Crawford, 1978; H. 1930 indicates Hustedt, 1930; 
L. 1975 indicates Lowe, 1975; P&R 1966 indicates Patrick and Reimer, 1966; 
P&R 1975 indicates Patrick and Reimer, 1975; R. 1970 indicates Round 1970. 
^The concentration of phytoplankton was insufficient to determine 
percent composition. 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
2 3 4 5  1 2  3  4 5  1 2 3 4 5  
0  0 — 0 0  
0  0 — 0 0  
0  0 — 0 0  
0 0 — 0 0 
85 89 — 72 80 
0  0 — 0 0  
0  0 — 0 0  
0  0  — —  0  0  
0  0 — 0 0  
0 0 — 0 0 
0  0  — —  0  0  
0  0 — 0 0  
0  0 — 0 0  
0  0  — —  0  0  
Table B-6. continued 
Taxon and critical Transect lA Transect 2A 
reference^ Points Points 
Navicula Spp. — — — — 0 
Nitzschia spp. — — — — 60 
Pinnularia sp. — — — — 0 
Rhopolodia sp. — — — — 0 
Stephanodiscus astraea — — — — 0 
(Ehr.) Grun. 
H. 1930 
S. astraea var. minutula — — — — 3 
(Kutz.) Grun. 
H. 1930 
S- niagarae Ehr. — — — — 0 
S. 1877 
s. spp. R. 1970 — — — — 2 
Surirella spp. — — — — 0 
Sgnedra ulna (NitZ.) Ehr. — — — — 0 
P&R 1966 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  
0 0 — 0 <1 
12 8 — 15 7 
0  0 — 0 0  
0  0 — 0 0  
0  0  — —  0  0  
3 1 — 12 5 
0  0  — —  0  0  
0  2 — 1 7  
0  0  —  0  0  
0  0 — 0 0  
Table B-7. Percentage which each taxoncomprised of the total cell count 
on the five surface sampling points along each transect, July 
12-14, 1978 
Taxon and critical 
reference 
Transect lA Transect 2A 
Points Points 
1 2 3 4 ,5 . 1 2 3 4 5 
Achnanthes spp. 
Amphora, spp. 
Asterionella formosa Hassall 
H. 1930; P&R 1966 
Coscinodiscus rothil 
(Ehr.) Grun. 
H. 1930 
Cyclotella meneghiniaxia KutZ. 
H. 1930 
C- steiiigera (Cleve. and 
Grun.) V.H. 
H.1930; L. 1975 
c. spp. R. 1970 
Epithemia turgida 
(Ehr.) Kutz. 
P&R 1975 
Gomphonema spp. 
Gyrosigma Spp. 
Melosira. ambigua 
(Grun.) Mull. 
H. 1930 
M. granulata (Ehr.) Ralfs 
H. 1930 
m. granuiatawar. angustissiiaa 
Mull. 
H. 1930 
M. varians C.A. Ag. 
H. 1930; C. 1978 
C. 1978 indicates Crawford, 1978; H. 1930 indicates Hustedt, 1930; 
L. 1975 indicates Lowe, 1975; P&R 1966 indicates Patrick and Reimer, 1966; 
P&R 1975 indicates Patrick and Reimer, 1975; R. 1970 indicates Round, 
1970. 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3  4 5  1 2 3 4 5  1 2 3 4 5  
- — — — — 0 0 0 0 0 
_ __ __  __ __ 0  0  0  0  0  
- — — — — — — — — — 21 19 12 45 14 
- — — — — 0 0 0 0 0 
9 5 6 <1 3 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 <1 0 <1 1 
10 12 7 5 5 
50 40 61 30 29 
0 0 0 0 0 
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Transect 3A 
Points 
2 3 4 
Transect 4A 
Points 
Transect 5A 
Points 
1 2 3 4 5 
0 0 0 0 0 
0 0 0 0 0 
21 19 12 45 14 
9 5 6 <1 3 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 <1 0 <1 1 
10 12 7 5 5 
50 40 61 30 29 
0 0 0 0 0 
Table B-7. continued 
Taxon and critical 
reference® 
Transect lA 
Points 
12 3 4 
Transect 2A 
Points 
2 3 4 
Navlcula Spp. 
Nitzschia Spp. 
Pinnularia sp. 
Rhopolodia sp. 
Stephanodiscus astraea 
(Ehr.) Grun. 
H. 1930 
s. astraea var. minutula 
(Kutz.) Grun. 
H. 1930 
s. niagarae Ehr. 
S. 1877 
s. spp. R. 1970 
Surirella Spp. 
Sgnedra ulna (Nitz.) Ehr. 
P&R 1966 
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Transect 3A Transect 4A Transect 5A 
Poi nts Poi nts Poi nts 
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  
0 0 0 0 0 
0 0 0 5 5 
0 0 0 0 0 
0 0 0 0 0 
5 2 <1 <1 1 
13 15 6 
0 0 0 0 0 
4 12 0 5 17 
0 0 0 0 
0 7 4 5 19 
Table B-8. Percentage which each taxon comprised of the total cell count 
at the five surface sampling points along each transect, 
September 9, 1979 
Taxon and critical 
reference® 
1 
Transect lA 
Points 
2 3 4 5 1 
Transect 2A 
Points 
2 3 4 5 
Achnanthes spp • <1 0 1 3 0 0 0 0 0 0 
Amphora Spp. 0 0 0 0 0 0 0 0 0 0 
Asterionella formosa Hassall 
H. 1930; P&R 1966 
0 0 0 0 0 0 0 0 0 0 
Coscinodiscns rothii 
(Ehr.) Grun. 
H. 1930 
0 0 0 0 0 0 0 0 0 0 
Cyclotella meneghiniana KutZ. 
H. 1930 
10 10 9 6 5 6 10 8 12 10 
C. stelligera (CIeve. and 
Grun.) V.H. 
H. 1930; L. 1975 
0 0 0 0 0 0 0 0 0 0 
c. spp. R. 1970 3 3 0 13 1 5 2 4 4 4 
Epithemia turgida 
(Ehr.) Kutz. 
P&R 1975 
0 0 0 0 0 0 0 0 0 0 
Gomphonewa Spp. 0 0 0 0 0 0 1 0 0 0 
Gyrosigma Spp. 0 0 0 0 0 0 0 0 0 0 
Melosira aidbigua 
(Grun.) Mull 
H. 1930 
10 8 20 3 17 6 15 11 9 0 
M. granulata (Ehr.) Ralfs 
H. 1930 
3 7 7 11 5 10 0 8 5 11 
M-. granulata var. angustissima 
Mull. 
H. 1930 
51 66 48 49 53 60 47 49 58 50 
M. varlans C.A. Ag. 
H. 1930; C. 1978 
0 0 0 0 0 0 0 0 0 0 
C. 1978 indicates Crawford, 1978; H. 1930 indicates Hustedt, 1930; 
L. 1975 indicates Lowe, 1975; P&R 1966 indicates Patrick and Reimer, 1966; 
P&R 1975 indicates Patrick and Reimer, 1975; R. 1970 indicates Round, 
1970 
176 
Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
<1 <1 1 0 1 1 1 0 0 4 <1 1 3 2 <1 
<1 1 0 0 0 0 0 0 0 0 0 0 1 0 <1 
0 0 0 0 0 0 0 0 0 0 0 0 <1 0 0 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
6 6 5 4 20 11 8 13 7 10 6 5 7 17 13 
1 0 0 0 0  < 1  0 0 0 0  0 0 1 0 0  
16 2 8 6 20 
0 0 0 0 0 
0 0 <1 <1 0 
0 <1 0 0 0 
6 12 7 6 0 
5 8 8 4 4 
49 57 51 64 27 
0 0 0 0 0 
18 20 25 17 24 
0 0 0 0 0 
<1 0 0 0 0 
0 0 0 0 0 
4 2 5 3 5 
2 2 8 4 1 
34 36 43 42 32 
0 0 0 1 1 
20 13 24 1 8 
0 0 0 0 0 
0 0 <1 0 0 
0 0 0 0 0 
3 8 0 4 0 
1 7 0 3 1 
45 54 38 54 50 
0  1 0  0  0  
Table B-8. continued 
Transect lA Transect 2A 
Pofnts • Points 
reference 123 45 123 4 5 
Navicula Spp. 0 0 0 1 <1 <1 1 0 0 <1 
Nitzschia spp. 2 1 2 3 2 <1 8 1 0 4 
Pinnularia sp. 0 0 0 0 0 0 0 0 0 0 
Phopolodia sp. 0 0 0 0 0 0 0 0 0 0 
Stepbanodiscus astraea 
(Ehr.) Grun. 
H. 1930 
0 0 1 1 1 1 0 0 1 3 
S. astraea var. rainutula 
(Kutz.) Grun. 
H. 1930 
12 2 5 12 7 7 7 7 10 16 
S. niagarae Ehr. 
S. 1877 
0 0 0 0 0 0 0 0 0 0 
s. spp. R. 1970 8 3 6 4 8 4 8 11 1 0 
Surirella Spp. 0 0 0 0 0 0 0 0 0 0 
Synedra ulna (NitZ.) Ehr. 
P&R 1966 
0 0 1 0 <1 0 1 <1 0 1 
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Transect 3A Transect 4A Transect 5A 
Points Points Points 
1 2 3 4 5  1 2 3 4 5  1 2 3  4 5  
2 <1 1 1 2 0 0 1 <1 <1 <1 . 0 1 2 1 
2 1 7 3 6 8 8 10 6 7 7 2 4 7 7 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 2 0 0 1 2 1 2 1 0 2 
6 6 5 4 3 
0 0 0 0 
6 5 7 6 15 
0 0 0 0 0 
1 <1 0 1 1 
4 8 1 9 10 
0 0 0 0 0 
15 8 2 3 4 
0 0 0 <1 0 
0 5 2 <1 0 
7 5 11 7 11 
0 0 0 0 0 
10 2 9 3 7 
0 0 0 0 0 
0 0 <1 0 0 
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APPENDIX C: PLOTS OF SELECTED 
WEEKLY SAMPLING DATA 
Figure C-1. 
Figure C-2. 
Figure C-3. 
Figure C-4. 
Figure C-5. 
Figure C-6. 
Figure C-7. 
Figure C-8. 
Figure C-9. 
Figure C-10. 
Figure C-11. 
Figure C-12. 
Figure C-13. 
Figure C-14. 
Figure C-15. 
Figure C-16. 
Figure C-17. 
Figure C-18. 
Figure C-19. 
Figure C-20. 
Figure C-21. 
pH at Station A, June, 1978 - September, 1979 
pH at Station B, June, 1973 - September, 1979 
pH at Station 8, June, 1978-September, 1979 
Nitrite plus nitrate nitrogen at Station A, June, 1978-
September, 1979 
Nitrite plus nitrate nitrogen at Station B, June, 1978 -
September, 1979 
Nitrite plus nitrate nitrogen at Station 8, June, 1978-
September, 1979 
Orthophosphate at Station A, June, 1978 - September, 1979 
Orthophosphate at Station B, June, 1978 - September, 1979 
Orthophosphate at Station 8, June, 1978 - September, 1979 
Total phosphate at Station A, June, 1978 - September, 1979 
Total phosphate at Station B, June, 1978 - September, 1979 
Total phosphate at Station 8, June, 1978 - September, 1979 
Dissolved silica at Station A, June, 1978 - September, 1979 
Dissolved silica at Station B, June, 1978-September, 1979 
Dissolved silica at Station 8, June, 1978 - September, 1979 
Chlorophyll a^ at Station A, June, 1978- September, 1979 
Chlorophyll ^ at Station B, June, 1978 - September, 1979 
Chlorophyll at Station 8, June, 1978 - September, 1979 
N:P ratio at Station A, June, 1978 - September, 1979 
N:P ratio at Station B, June, 1978 - September, 1979 
N:P ratio at Station 8, June, 1978 - September, 1979 
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